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, .  I SECTION 1.-AEROLOGY. 
FREE-AE DATA IN SOUTHERN CALIFORNIA, JULY AND AUGUST, 1018. 

By the Aerial Section-Wrr. R. BLAIR in Charge. 

[Dated, Mount Weather, Va., May 26,1914.1 
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The Astroph ical Observato of the Smithsonian 

Weather Bureau cooperating during July and August, 
1913, made obserpations in southern California: (a) Of 
solarradiationathlghlevelsJbymeansof aphotogra hically 

total molsture content of the air above Mount Wilson, 
by means of the s ectroscope; (c) of nocturnal radiation, 
b means of the E. Angstrom compensation apparatus; (5 of the nieteorolo ical elements, air pressure,. teni- 

!y means of meteorogra hs, carried by free balloons at 

summit of Mount Whitney. The pyrhelionietric obser- 
vations have already been discussed by C. G. Abbot in 
Science, March 6, 1914. It is the pu ose of this present 

f&gcal observations. 

. Morning and evenin ascensions were made pn July 23 
and 24, 1914, and t 5 ereafter daily ascensions until 
August 12, 1914-23 ascensions in all. When a pyrhelio- 
meter was taken up, in addition to the meteorograph, 
the ascension for the day was so timed that the highest 
point wodd be reached about noon. On other da s the 

s v e t .  Table 1 shows the number of balloons recovered, 
t heu  landing points; and other information of general 
interest. 

Institution, m c9" the Mount Weazer  Observatory of the 

recording pyrheliometer,camed by free balloons; ( B 1 of the 

mature, humidity. an 8 movement, a t  different altitudes 

Avalon, and by captive i! alloons a t  Lone Pine and a t  the 

aper to communicate more particu Trf arly the meteoro- 

(U) !M€E FREE BALLOON OBSERVATIONS. 

ascensions were made .&ortly after sunrise or just B efore 

1037a ... 2 
1036s ... 2 
105Q8... 2 
5:mp ... 2 
5 0 7 p  .... 2 
4:52p .... 2 
5:23p .... 2 
4:43p.... 2 

TABLE L-Skrtistia of Bounding balloon flights f i m  Azdon, Cal., 
during July and August, 1915. 
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with the remaining balloon. This device by which the 
balloons are connected with the systeni and which serves 
the purpose of releasing the burst balloon is shown in 
figure 1. It is made of spring brass wire of approxi- 
mate1 2.4 mm. diameter. The pressure of the s rings 
B a n i C  on the wire A at the points D and E is su fi cient 
to prevent the rin s from slipping off in case cord F or G 
becomes slack. #he weight of the burst balloon or of 
what is left of it slips the rin off easily. Cords F and G 
mwt  be so short that they wi !i not twist above the device. 

ut Illt v 
17 

IO 

Is 

I4 

1s 

19 

U 

ro 

0 

0 

7 

0 

1 

I 

a 

a 

I 

ASCEN5/DNAL RATCPII~S~ TEMPTA/rTUflC DEGRfL. CENT/6RAOE. - -. 

Pia. 3.-Relntion between ~lronsional rates 01 balloons and nk temperatures. 

The balloons used were of thick rubber. similar to those 
used at  Huron in the early autumn of (910 and at Fort 
Omaha in the late winter of 1911 but not so lar e. They 
were filled with electrolytic hydrogen which % ad been 1,976 

.......... 

All free balloons were started at Avalon, Santa Cata- 
h a  Island, Cal. Because of the possibility of the in- 
strument coming down in the ocean, balloons were sent 
up in pairs and with a float. This float weighed approsi- 
mately 450 ams. Each balloon was filled until it, would 
lift decide d r  y everything to be sent up esc.ept t.he float. 
The balloons were then attached to the system in such a 
way that when either of them burst it would detach itself 
from the system, which then sank to t,he earth's surface 

- I  

corn ressed in steel cylinaers. 
TEe highest a: bceneion of the series was made on July 

30. This exceecls the revious highest ascension from 

obtained in t.his awcnsion is shown in figure 2. 
In seven of the ascensions from whwh records were 

ret,urned the instrument was carried to an altitude of 18 
or more kilometers above sea level. The temperatures 
recorded and the ascensional rates of the balloons have 
been averaged nnd conipnred in Table 3 tincl in figure 3. 

this continent by more t, \ an t,wo kilometem. The record 



M. W.R., July, 1914. To face D. 410. 

FIG. 1.-Device for releasing burst balloon. 

FIG. 2.-Record abtaiY- A- YYYYUY.b ,-..eon ascension of July 30,1913. 
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TABLE 2.-Tempmtura remded at diferent altitudes and aecensional rata of balloons for  eounding balloon asceneiona at A v a h ,  Cal., July and 
August, 1918. 

- 

Rateof 
ascent. 

N.P.8. 
3.07 
4.17 
4.27 
4.33 
4.44 
4.76 
5.21 
5.46 
5.65 
b.95 
6.41 
6.41 

6.67 
6.67 
6.80 
6.94 
7.58 

6.54 

July 23. July 24. 
Altitude I ,  - 

Tern- 

:;: 
-- 

"e. 
21.6 
18.7 
12.8 
5.8 - 1.5 

-11.3 
-20.6 
-2s.6 
-34.6 
4 2 . 2  
- 4 . 4  
-52.3 

- 5 6 . 7  
- 5 5 . 4  
- 5 7 . 7  
- 5 8 . 6  
-5s.o 

4 . 9  

M.LT.p.8. 
3.33 
3.27 
3.27 
3.27 
3.33 
3.44 
3.40 
3.40 
3.40 
3.33 
3.30 
3.37 
3.37 
3.44 
3.85 
4.67 
3.70 
3.47 

Rateof 1 2: 1 Rate of 1 
ascent. ascent. turn. 

nc. M.LT.p.8. o c .  
13.3 1.58 
9.6 1.55 20.3 
2.5 1.63 18.5 - 4.7 1.81 11.0 

-13.3 2.12 3.8 
-20.5 2.4 -3 .5  
-29.0 2.6i - 9.8 
4 8 . 4  2.92 -15.9 
- 4 5 . 1  3.12 -!a8 
- 5 0 . 2  3.44 -30.2 
- 5 3 . 8  3.70 - 3 7 . 3  
- 5 7 . 4  3.83 4 . 2  
- 5 7 . 5  3 . S  4 9 . 1  
- 5 8 . 7  4.02 - 5 1 . 3  
- 6 1 . 5  4.33 -49.2 
-62.2 4.57 - 5 0 . 3  
-63.0 4.90 4 9 . 8  
4 . 8  6.13 -53.0 

Knr. 
1 ............ 
2 ............ 
3 ............ 
4 ............ 
5 ............ 
6 ............ 
7 ............ 
8 ............ 
9 ............ 

10 ............ 
11 ............ 
12 ............ 
13 ............ 
14 ............ 
15 ............. 

M. .E. 'C.  M. .8.  'C.  
e 0 2  18.5 3114 14.6 
4.17 12.6 3.33 14.7 
4.44 5.5 3.51 8.1 
4.63 - 1.0 3.58 2.4 
4.76 - 7 . 9  3.51 - 2 8  
4.90 -14.7 3.51 - 9 . 3  
4.90 -21.6 3.51 -16.3 
4.90 -29.1 3.33 -!a8 
4.83 - 3 4 . 3  3 . 1  -26.3 
4.90 - 3 8 . 8  3.12 -31 .7  
5.56 4 1 . 4  2.95 -38.2 
5.13 - 4 3 . 4  2.96 4 . 4  
5.56 4 . 5  3.06 - 4 5 . 5  
4.07 4 . 6  3.21 4 . 6  
4.17 -54.8 3.37 4 9 . 6  

Aug. 1. 

16 ............ 4.63 
17 ............. 5.38 
18 ............ 6.29 I 

Rate of 
ascent. 

- 5 5 . 8  3.56 -52.2 
-56.6 3.74 -55.4 
4 6 . 7  3.33 -55.6 

AL.p.8. 
2. 7s 
2.90 
3.03 
3.17 
8.40 
3.51 
3.62 
3. 7Y 
3.92 
4.12 
4.12 
4.12 
4.17 
4.12 
4. 12 
3. s9 
4.22 
4.83 

Mp.8.  
2.90 
3.03 
3.06 
3.09 
3.09 
3.21 
3.27 
3.27 
3.12 
3.14 
3.33 
3.33 
3.37 
3.37 
3.37 
3.33 
3.51 
3.51 

C. 
24. 2 
18.3 
10.0 
3.0 - 1.6 - 9.5 

-17.5 
-23.5 
-30.0 
- 3 6 . 6  
4. 2 
4 9 . 4  
- 5 2 . 3  
4 0 . 8  
-50.5 
-54.0 
-66.0 
- 5 8 . 0  

OC. I M .  a. *e. gm. 
30.0 x-10 20.1 1 
21.8 3 . m  16.6 3 
14.6 3.33 10.4 8 
7.3 3.41 3.6 4 - 0.5 3.53 - 3.4 6 - 8.2 3.68 -11.0 8 

-17.0 3.80 -18.8 7 
-24.5 3.87 -25.8 8 
- 3 1 . 1  3.89 4 2 0  0 
- 3 6 . 8  4.00 - 3 8 . 1  10 
4 . 7  4.20 4 . 4  11 

4 . 1  4.28 - 5 1 . 1  u 
-54.0 4.13 4!2.6 14 

-65.3 4.46 -66.8 16 
-62.3 4.63 -57.4 17 

4 . 2  1 4.16 4 8 . 3  12 

-59.2 I 4.27 -54.3 1s 

-62.0 4.88 4 7 . 7  . 18 

The mean of the observed temperatures in the seven 
ascensions does not show a minimum of temperature be- 
low the 18-kilometer level. The mean of the ascensional 
rates of the balloons shows, in general, an increase with 
altitude. Above the 18-kilometer level the individual 
ascensions show a decrease in the ascensional rates of the 
balloons soon after the minimum of temperature has been 
passed through. This relation between the air tern era- 
ture and the ascensional rate of the balloons is simiir  to 
that alread found. (See Bull. Mount Weather Observa- 
to? WasLgton, 1911, 4: lS6.) I t  indicates that, in 
ad ition to the known factors entering into the ascen- 
sional rate of any balloon, there is the unknown factor of 
the difference in ,  temperature between the gas in the 
balloon and the air throu h which the balloon is passing. 
While the temperature fistribution in the free air is in 
general known, it would be impofible to predict, with 
sufEcient accuracy for a particular ascension, the point of 
maximum ascensional rate or minor variations in the 
rate. On the other hand, careful observation of the as- 
censional rate of a free, sealed,. rubber balloon might indi- 
cate fairly well the peculiarities of the temperature dis- 
tribution at the time of the ascension. In this connec- 
tion the author calls attention to an entirely erroneous 
statement in Bulletin of the Mount Weather Observatory, 
4:186, regarding the adiabatic cooling of hydrogen gas. 
The approximate rate of cooling per kilometer came in 
some wa to be considered the rate to the 15-kilometer 

appeared,. nor is it needed to account for the observed 
eculiarities in the ascensional rate of free rubber bal- 

oons under consideration. 
The instruments used were the same as those used in 

previous series of soundin . The calibration of the in- 

that the pressure and temperature elements were cab- 
brated in a smaller chamber in which ventilation and tem- 
perature were under somewhat better control and in 
which tem eratures down to -GO0 C. could easily be ob- 
tained. (gee Bulletin Mount Weather Observatory, 
Washin ton, 1911, 4: 187.) 

Table 4 with interpolations a t  the 500-meter intervals u 

above the 5-kilometer level. I n  fi ure 4 a diagram of the 

tion. Figure 5 shows the mean value of this relation for 
the period. The free air isotherms for the period are 

level. T 5 e statement based on this error should not have 

P 
struments was similar to t ? at for previous series, esce I t  

The % ata obtained in each ascension are presented in 

to 5 kilometers above sea level, and a t  1-kilometer interva E 
temperature-altitude relation is s % own for each observa- 

shown in figure 6. The horizontal rojections of the 

in figure 7. Only one theodolite was used, the altitudea 
being computed from the observed air pressures. 

A n  inversion of temperature, with the maximum tem- 
perature somewhere between the 3- and 2-kilometer levels, 
is shown in each curve of figure 4. This inversion of tem- 
perature is found, whether the observation be made in the 
inorning, near noon, or in the late afternoon. It does not 
seen1 to accompany any particular wind direction. A 
similar inversion of temperature was observed in most of 
the ascensions made a t  Indianapolis, Fort Omaha, and 
Huron. 
As shown in fi ure 5, the altitude a t  which the mean 

The minimum temperature observed in any ascension 
may be more than a kilometer above or below the height 
of this mean. In  two ascensions, those of the 23d and 
27th of July, the change of temperature With altitude be- 
gins to decrease at a.bout the S-kilometer level, while in 
the ascensions of August 2 and 3 this change does not 
take place until the 12-kilometer level. The temperature 
change from day to day is best shown in figure 6. The 
lowest tem erature observed, -67.5OC., was a t  about 
the lG.5 ki P ometer level on August 3. About the same 
tem erature had been observed at  the 16-kilometer level 

A comparison of the curve shown in figure 5 with that 
shown in the Bulletin of the Mount Weather Observatory 
4: 302, figure 31, shows the surface temperature indicated 
in figure 5 hi her by 6.4OC., the minimum temperature 
lower by 3.5"6., the mnsiniuni next above this minimum 
less than 3OC. lower than the corresponclin values shown 

5 occurs at an altit>ude higher by 1.5 kilometers than that 
shown in figure 31. The maximum temperature next 
above tlie minimum temperature is shown a t  about the 
same altitude in both curves. The curves have the same 
genertll appemmce. That shown in figure 5 re resents 
summer conditions st latitude 33' N. That s f own in 
figure 31 represents condit.ions in all seasons, to some ex- 
tent; the late summer and early autumn being better 
represented than the other seasons, at  about latitute 
40' N. 

The variations of humidity with dtitude and from day 
to day are rather closely related to the variations of tem- 

In Table 3 the absolute humidities observed E ave been assembled and a men.n shown. 

balloon paths, as far as they could be o E served, are shown 

temperature for t % e period is a minimum is 17 kilometers. 

on t R e day before. 

in figure 3 1. The minilnuin temperature s % own in figure 

erature. 
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0.003 
0.003 

21,000 22,000 23,000 
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0.m 0.007 n.010 ....................... 
0.003 0.004 0.00.5 

24,000 

0.014 

0.007 

0.002 

25.000 26.000 ?i,0(10 28,000 29.000 30,ooO 31,000 32,m 
-- ------- 

0.01s ........................................................ ........................................................................ ................................................................ ........................................................................ 
0.003 0.00.1 0.004 0.m 0.005 0.005 0.0011 0.008 ........................................................................ ........................................................................ ........................................................................ ........................................................................ 

Fia. 4.-VertIcaI temperature gradients at Avalon, &I., July &August 10,1913. 

TABLE 3.-Absohcte humidity (grama per cubic meter) at various levels on different dates, Avalon, Cal., 1913. 

Altitude (meters). 
Date. 

34 wo ?#lo 3,000 -I- 
9.248 
5.80s 
8. io8 
i.9so 
8.913 

10. e25 
8.640 
9. b69 
i. 750 
4.205 
6.2i4 

11.336 
4.654 

s. 193 
- 

-- 

1913. 
k!y  23- ......... 

24 .......... 
27 .......... 
E. .  ........ 
29. ......... 
30. ......... 
31. ......... 

Aug. 1 .......... 
2 .......... 
8 .......... 
7 .......... 
8.  ......... 

10 ........ 
Means... . 
- -  

12.651 
11.363 
11.949 
10.513 
9.933 

12.415 
12.352 
15.210 
1;. 517 
15.lW 
14.432 
1 2 . 5 3  
12. X i  

12.900 
- 
_ _  

10.109 
9.740 
9.637 
6. i55 
9.372 

11.913 
11.261 
14.077 
18.926 
12.014 
18. ;:?i 
11.342 
9.937 

11. m 
- 
__ 

0.942 
7.562 
7.288 

I .  615 
6.411 
4. ili 
3.072 
5. $26 
2.9% 
2.631 
9.4ifi 
3.108 

5.995 

5.330 

- 

-- - 

5.597 
4.903 
5. 003 
3.li12 
4. ill 
5.922 
2.3;s 
6.661 
5. tij: 
2.850 
1.531 
7.983 
2.421 

4.565 
__ 
- 

0.793 0.415 0.207 0.095 0.055 0.034 0.024 0.019 0.013 
1.162 ........................................ 0.035 0.023 0.016 
0.581 0.288 0.118 0.040 0.017 0.009 0.008 0.003 0.m 
0.5lC 0.252 0. E 5  0.051 0.023 0.010 0.005 0.003 0.003 
0.2115 0.112 0.01iO 0.019 0.011 0.m 0.002 ................ 
0.057 0.330 0.219 0.103 0.04s 0.020 0.010 0.004 0 . U  
0.344 0.193 0.113 O.nt;? 0.034 0.014 0.007 0.m 0.002 

0.922 0.471; 0.235 0.105 0.055 0.021 0.008 0.m 0.003 
1 . ~ 2  0 . ~ 3 1  o . 4 ~  0. 190 0.103 0.054 0 .0~6  0.013 0.008 

............................................................................................... ------ - -- 
2.WI 1.5f.31 1.1981 0.9691 0.4971 0.2961 0.1461 0.oi iI  0.0431 0.0251 0.017!= 

Altitude (meters). 

.............. -- 
3.657 2.785 

_. 

Date. 
19.00 

1913. 
July 23 .......... ... I 

0.006 am1 0 0:010 004 

0. a02 
0.003 0.001 
0.002 0.008 
0.0'' O.L% 
0.012 0.01: 

0033 ........ -- ?:Ow I 0.0°4 

0.001 
0.006 
J. 003 
0.002 
0. on2 
0. 002 
0.00.1 ........ ........ 

z.3 .......... 
27 .......... 
:3. ...... 1.. 
30. - -. . -. - -. 

Aug. ........... 
2. ......... 
8 .......... 

3 5 . .  ....... 
._.._. ...... ............... ........ I ....... .............................. ....... I ........ I ........ I ....... 

Means.. ... 0.009 1 0.005 j 0.003 0.002 I 0.003 0.003 0.0041 0.0041 0.0051 0.006 o.m( 0.0101 o.m( 0.0041 0.mI 0.0051 0.0051 0.0081 0.008 

The disiribution of pressure at the earth's surface 
chuigeb but little in type, and that never abruptly, dur- 
ing &he y n o d  of observation nor does the pressure itself 
vary inuch froni d n y  to dtiy. Figures 7 and 8 show the 

period. The positions of the centers of high and low 
pressure at  8 a. ni. or 8 p. ni., seventyfifth meridian time, 
are shown by the circles, in which dates are also indicated. 
In the case of h' h pressure; these circles are connected 

pressure distribution in a general way for the whole by solid lines; in % t e case of low pressure, by dashed lines. 
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FIO. 5.-Cnrve &owing mean temperature gradient at Avalon, Cd., July M-August 3, 
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In three of the ascensions July 24 and 37 and Au@k 
3, the balloons were followed with the theodolite beyolid 
the altitude at  which the minimum temperature was 
recorded (see . 9). In  another, Augat  3, the air 
movement could T e observed up to 17 kilometers. On Jdy 
24 mid 27 the winds wera westerly, with a small south 
coniponent up to the hei h t  at  wliich rhe minimum 
temperature wa.s found. A%ove thk hskht ,  the wind was 
easterly. On August 3 and 3 the winds were sc-utherly, 
with a small west component up to the point of minimum 
temperature. Here again the winds became easterly. 
On July 24 the wind velocity increased as the easterly 
cornponelit made its appearance; on J d y  :?7 there was 
little change; on August 3 and 3 there ?:as a decided 
decrease in velocity as the wind became cssterly. 

TABLE I.-Renc~ts of sou?zding balloon aacensiws, kJalcn, %I?. 
JULY 23, 1913. 

.................. .................. .................. .. ................. 
m n.im ............ 
20 0.m ........ 
23 0.004 .......... 

A. Y. 
h. m. 
6 06.0 
6 08.0 

6 09.1 
........ 

_ _ _ . _ _ I  
........I 

........ 
6 10.2 
6 12.2 

20 
2O 
20 
2'1 
21 
21 
22 
22 

........ ........ 

........ 
6 17.4 

6 18.9 
........ 
........ ........ ........ 
6 21.5 
6 24.8 ........ 

0.m ............ 
O.IXl3 
n.im ...... ...I ::::::; 
0.004 .................. 
0.0114 .................. 
0.004 .................. 
0.0061 ........... 
0.0071 ............ i.....- 

............ Inversion 

........ 
6 31.7 

6 36.4 

........ 

........ 

........ 
7 00.4 

7 08.3 

7 15.1 

........ ........ 

........ ........ 

........ ........ ........ ........ ........ ........ 
7 26.8 

1 34.0 

........ ........ 

........ ........ ........ 
7 4a.9 

7 51.5 

7 54.2 
7 57.7 

........ ........ 

........ 

........ ........I 6 42.9 

........ ........ 
6 60.4 ........ ........ I 

........ ........I ........ 
8 10.9 

8 18.3 

........ ........ 

........ ........ ........ 
8 31.8 
8 33.7 

8 37.9 

8 44.3 

........ 

........ 

........ .I. .?!?I 

........ ........ ........ 
9 02.3 

Ill\ erSlOl1. 
9.ml ............ 1 ...... 1 

65 9.14i .................. 

% 0.0.521.. ........... 
95 0.055 ............ I::::.:I 
25 0.a34 .................. 
25 0.030 .................. 
24 I /  0.lBl .................. I I  
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........ ........ ........ 
6 57.9 
7 00.0 

7 03.1 

7 09.0 

7 11.9 

7 15.1 

........ 

........ 

........ 

........ 

TABLE 4.-R&ultr of mdng b a b  tammiima, A v a h ,  Ca1.- 
Continued. 

JULY 24,191a. 

22 OOO ...... 
2l:SJl 31.3 
21,ooo ...... 
20, 329 40.2 
20.000 ...... 
19,088 48.0 
19,OOO ...... 
18,000 ...... 
17 OOO..... . 

TAIILB 4 . - h l t s  of sounding balloon ammiman, Amah, Cd.- 
Conhnued. 

JULY 27,1913--cOntinued. 

-53.5'. ..... 
-51.5 -0.4 
-54.3 ...... 
-57.2 -0.2 
-57.5 ...... 
-59.6 0.0 
-59.6 ...... 
-60.0 ...... 
-60. 3 . . .  ... 

1 lpre1 'Z-ILl Time. tude. sure. Le. 100m. I Wind. , I Remarks. 
Rel. Abs. Direction. Vel. 

16'916 67.9,-60.3 -0.4 

16,000 ... ...I- 6315 ...... 
15 235 89.0-64.1 0.1 
15'oOU ..... - & L O  ...... 
14: liS!'105.3 -63.7 0.2 

13,4Y8 117.5 -63.0 0.2 
13 000. ..... -61.0 ...... 
la' 7341 132.1 -60.1 0.0 

is:asr 75.31--63 1 -0.a 

11,000. ..... -63.3 ...... 

....... "I? 
8. 26OW.. 6.9 
8. 49'W.. 4.8 
N.83.W.. 3.1 
8 . W W . .  2 6  
8. 67OW.. 2.4 
R. 76°W.; 1.3 
8. 31OW.. 6.2 
8. 3O"W.. 6.4 ! sw 

8.29OW.. 7 6  

8. BOW..  11.9 
8. P O W . .  12.0 

8. W W . .  w . 4  
8. 49.W.. 13.6 
8. 48. W.. 

8. 41.W.. 21.7 
8. 44.W.. n.2 
8. sow..  18.9 
8. 58ow. .  18.2 
8. W W . .  16.7 
8. Boow.. 13.6 
8. 66°\fy'.. 4.0 
8. BaOW.. 25.3 
8. 8a.W.. 26.3 
8. 63.W.. 24.2 
8. 63.W.. 24.0 
8. 72' W. .  24.4 
8. 77' W.. 24.6' 
8. 72'W.. 23.6 
8. 7PW.. 23.5 
8. WW.. 19.2 
8. now.. l a 7  
8. U'W. .  16.4 
8. MOW.. 22.2 
8. ww.. m 4 

8. 63ow.. 18.2: 
a. mow.. l a 4  

8. BOW.. io1 
8. W W . .  10.01 

8. 48" w.. :::;I 

8. 6 3 - w . .  lill 

8. 4 7  w.. 18.81 
8. 54' W..  15.71 
8. 61OW.. 12.3 
8. 48.W.. 13.2 
8. 39' W . . 13.9 
8. 67-W.. 1.7 
8. 40'W.. 3.2 
8. 22. E... 9.0 
8. 74'E ... 6.3 
N . W E . . .  4.3 
8. W E .  .. 13.9 
8. 75' E... 10.1 
8. 63" E... 5.3 
8. IOE... 4.4 
8. 578 w.. 3.4 

21 
21 
21 
21 
21 
21 
21 
19 
19 
19 
19 

3 
20 
19 
19 
20 
2u 
31 
21 
31 
21 

31 
21 
21 
31 
21 aa 
23 
24 
34 
25 
25 
30 
31 
33 
42 
46 
45 
41 
41 
39 
39 
38 
38 
33 
40 
41 
49 
50 

13 

Few 8. Cu. SW. 

Inversion. 

0.Ooj E ......... 11.3 
0.004 N.80" E... 16.2 Inverslon. 
0.005 8. W E . . .  12.4 
0.007 8. 76'E ... 8.2 
0.005 8. W E  ... 10.9 
O.OM N.80°E... 13.6 
0.003 N.77'E ... 12.5 
0.002 N.67'E ... 7.8 
0.OOa N.70°E ... 7.7 
0.002 8. WOE... 6.6 
0.002 8. 5 i 0 E . 4  5.6 
o.ma 8. WE... 5.5 
0.0011 \i' ........ 3.6 
0.001' N. 15O I Y . .  3.4 Inversion. 
0.WlI N.5S0 I\:.. 4.5 
0.W1' 8. 76' :\ .. 8.6 
0.UOli Y. 770-s..! 8.6 
O.UOl! 6. 7 9 0  m.. 8.6 
0.002: 8. 60°\V.'.. 8.3 
0.002: 8. 50°\V.. 8.2 
0.W 8. 8aoW.. 10.0 Bdloons d l s s p  

0.m .................. 
0.0 oa .................. 
0.003 .................. 
0.m .................. 
0.005 .................. 
0.010 .................. 
0.023 .................. 
0.033 .................. 
0.019 .................. 
0.092 .................. 
0.092 .................. 
0.117 .................. 
0.143 .................. 
0.167 .................. 
0.347 .................. 
0.460 .................. 
0.548 .................. 
0.991 .................. 
1.057 .................. 
1 . m  .................. 
1.441 .................. 
1.981 .................. 
2.021 .................. 
2.a34 ............ 
2.519 ............ i.--.-- 
3.118! .................. 
3.656 ............I ...... 

0.001 Y. 340 E...\ 3. d 

3.607 I - - - - - -  ................... 

Inversion. 

13:323 141.4-60.4 

Few 8. Cu. SR. 

0.01 

IIlv€don. 
Few 8. Cu. SW. 

13,000 
11,801 

11 000 
11,355 

10;587 
10,ooo 
9 000 
Si602 
8 ouo 
7: 034 
7 OM) 
6'443l 
6:184 
6,000 
5,000 
4.615 

Ballocms d i s a p  
peared. 

..... .1-80. 4 ...... 
153.21-60.2 0.4 

...... -56.2 ...... 164.7 -55.5 

184.9 -53.6 0.8 ...... -49.1 ...... ...... -11.6 ...... 
245.5 -38.6 0 . j  ...... -35.0 ...... 
310.3 -39. 4 0.11 

336.6 -B.6 0.71 
348.7 -26.9 0.5' 

...... -20.8 ...... I 
431.6 -18.8 2.01 

,...__. -29.4 ...... 
...... -26.0 ..-.-.I 

JULY 27,1913. 

7 z i a l  

7 24.8 
........ 
........ ........ 
7 35.0 

7 42.5 

7 45.3 
7 46.8 

7 54.7 

7 57.1 

7 58.7 

........ 

........ 

........ ........ 

........ 

........ 

........ ........ a 01.3 
8 06.0 

8 10.3 

8 11.5 

........ 

........ p.n. 1 
4 67.6 

B 
89 
76 

65 
64 
59 
55 
44 
39 
29 
29 
27 
28' 
32 
35 
35 
36 
37 
34 
34 
34 
31 
31 
28 

26 
26 
24 
a3 
a3 
a3 
a3 
2% 

a 

27 

% 

........ 
6 00.3 

5 m.3 
5 04.2 

5 07.0 

5 09.0 

5 13.0 

5 15.0 

5 m . 5  

........ 

........ 

........ 

........ 

........ 

........ ........ 

........ ........ 

I 6911.949 8. 8 e o w . .  
9.687 8. 800 IV-- 
8.188 8. 770 U T - .  
8.708 8. 47-E ... 
7.775 N.41°W..  
7 . m  N.44°W. .  
5.604 N.56'W.. 
6.003 N.87" W.- 
3.881 8. 1 " E  ... 
2.852 8 .......... I 
1.661 8. 30!V-. 
1.881 s. ?OW.. 
1.351 N.85'W.. 
1.301 N.86'W.. 
1 . w  8.89OW.. 
0.880 8. 85ow.. 
0.539 8. 850lV.- 
0.581 8. 63"iV. .  
0.478 8. &)' W.. 
0.425 8. 78' w.. 
0.m 8. 750 m.. 
0.208 8. 7 3 - w . .  
0.133 8. 85'W.. 
0.118 8. 81OW.. 
0.010 8. 60' W.. am 8. 3 9 0 w . .  
0.017 8. 57' W.. 
0.010 8. 830 w.. 
0.006 8. 83.W.. 
0.008 8. 8 z o w . .  
0.003 8. 82"W.. 
0.003 8. 8-20 w.. 
0.W N.87-W..  
0.003 8. w w . .  
0.003 8. 67OW.- 

a507 8. WE... 

........ ........ 
6 38.9 

5 46.0 
........ 
........ ........ 

500 
797 
962 

1 . m  
1.117 
1 218 
1'377 

1,648 
1.9% 
2.000 
3,mo 
3.000 
3,049 
3.500 
3.535 
4 , m  
4 498 
5'000 

6 ooo 
6'659 
7'000 
7'458 
8: OOO 
8,nO 

1:500 

5 ; m  

........ 
6 66.6 
5 69.6 

...... 14.5! ...... I 

...... I l O . 1  ...... 
694.91 11.7 1.01 
660.5 10.4 0.7 

667.8 9.7 0.5 
669.9 15.0 -5.2 
647.d 16.2 -0.8 ...... 16. 2 ...... 
627.1 16.2 0.0 
607.1 15.4 0.3 ...... 14.8 ...... ...... 10.0 ...... ...... 5.4 ...... 
530.1 5.0 0.9 ...... 3.0 ...... 
499.1 3.0 0.4 ...... 0.0 ...... 
442.6 - 2.8 ...... - 6.8 ...... 
...... -12 7 ...... 
334.6 -1811 0.8 ...... -21.4 ...... 
288.3 -26.3 l . O 1  ...... 1-30.7 ...... 
!&9.2,-33.0 0.81 

3M.3- 8.1 :::I 
........ - -  .--I 

39 
33 

39 
32 
35 
35 
25 

34 ai 
18 
17 
16 
16 
16 
16 
16 
16 

39 

is 

5.330, .................. I 

3.642 
2.985 .................. 
2.429! ............ __.___I  
2. a@............ ...... i 
1.480 ................... 
1.421! 1.015: .................. .................. ! 
0. 898 .................. 
0.516 .................. 
0.403 .................. 
0.272 .................. 
0.17l .................. 
0.1363 .................. 
0.078 .................. 
0.051, .................. 

4.3 73 .................. 1 
3.777; .................. I .................. 

0.040: .................. 

7 OOO 
do00 
8'361 

9:sOS 
Q'OOO 

12'000 
idm 
11 000 

l2,369 

3.9 
2.9 
2.6 
1.0 
0. 6 
0.8 
0.8 
1.1 
1. 2 
1.6 
1.8 
2.3 
1.3 
2.2 
2.5 
3.8 
5.1 
5.2 

6.7 
6. a 

8.7 
8.2 
4 6  

6. 2; 
3: 31 

16.3 
16.4) 
7.0 

9.7 
8.31 

...... -29.0 ...... ...... -38.4 ...... 
a58.9-41.7 0.9 ...... -45.1 ...... 
#w.6-49.9 0.6 

lO,OOO...... -50.2 ...... ...... -63.8...... ...... -57.4 ...... 
1 4 1 . 8 4 . 6  -0.3 
ia.3--57.6 0.4 

2/10 8. cu. 
Inversion. 

13,000 ...... 
14,0001.. .... 

Inversion. 
-57. 6 ...... 
-58.7.. ..... ! 

I WSW. 

4;5lq.::x -16.6 ...... 
4,094 461.8 - 8.6 
3 : m l  4 rn ._._.. m.1- - 5 . 1  7.8 ____._ 
3.5001 ...... - 3.4 ...... I 
3,000 ...... 
2980 533.3 

2:500 ____.. 
1,9771 802.2 

I 

2'733 548.5 

.... 

JULY 28, 1913. 
._ .________ __ .... 

P. Y. 
5 05.0 
5 06.8 

5 08.7 
5 10.0 

5 10.9 
5 11.4 
5 13.3 

5 13.8 
5 15.2 

........ 

........ 

........ 

........ ........ ........ 
5 20.3 ........ 

........ 
6 31.6. ........ 
5 37.11 ........ 
........ 
5 44.7 

9/10 s. c11 

In hare of 
Inversion. 

. IPNW. 

6. cu. 
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TABLE l.-RtmullS of aounding balloon ( ~ d c m a k n ~ ,  Avalm, CaL- 

Continued. 
JULY 23,19l3-ConUed. 

Humidity. Wind. 
Remarks. Altl- Pres 

tude. ' I  Rel. Abs. Direction. Vel. sure. ture. 100m. 

--------- 
P. d. p./ms. M.pa. ........ ...... ...... .................. .................. ........ ...... ...... .................. J P. n. 

h. 'm. M. 4Rn. "C. 
9,WO -37.8 15 0.038 

5 50.6 9 533 -41.5 0.7 14 0.014 

5 55.2 10:309 197.3,-47.2 0.7 14 0.W8 .................. ........ 11 OM)...... -50.8 ...... 14 0.005 .................. 
6 OO.J11:593 165.3-53.6 0.5 13 0.003 .................. ........ 12,000 ...... -55.7 ...... 14 0.W .................. 
6 04.9 1 2 . W  149.5-56.8 0.5 14 0.002 .................. Inversion. 

10'000 1-41.7 14 0.010 

.................. .................. 'Clock stopped a t  .................. intervals. Tlme .................. estimated. .................. Clockstopped but ........ .................. started aaak a t  ........ .................. higheat altitude. 

........ ................... 

........ .................. Inversion. 

........ .................. 

........ .................. 

........ .................. ........ ...... ...... .................. ........ ...... .................. ........ ...... ................... 
JLTLY 29, 1913. 

€EE-io:. 

...... A M  I 
11 'ion1 34 760.5 18.6 ea 9 . ~ 3  N.WW.. 2.5 9/ ios .  cu. NW. 
11 11.3 4187'26.8 15.1 0.9 7 3 9 . 3 9 3 N . 8 5 ° W . .  2.5 ........ 500 ...... 14.5 ...... 769 .372N.W'W. .  2.3 ........ 1.000 ...... 10.6 ...... 9 2 8 . 9 1 3 N . 4 8 ° W . .  1.3 
11 13.3 1,012 677.0 10.4 0.8 92 8.802 N.47'W.. 1.0 B a l l o o n  d h p -  

11 14.8 1330 651.6 9.4 0.3 97 8.713 .................. ........ 1;500 ...... 11.2 ...... 767.645 .................. 
11 16.5 1,684 624.4 12.7 -0.9 65 6.073 .................. ........ 2 000 ...... 12.2 ...... 44 4.711 .................. 
11 18.4 2'192588.3 11.9 0.2 373.888 .................. ........ 2'500 ...... 11.4 30 8.W .................. 
11 20.2 z:sas557.8 ii.3"'o:i a 7 a . m  .................. ........ 3,000 ...... 9.3 ...... 221.964 .................. 
11 22.9 3.341511.4 7.4 0.5 181 .4% .................. ........ 3;500 ...... 6.1 ...... 113 1.163 .................. ........ 4,000 ...... 2.2 ...... 120.674 .................. 
11 25.7 4,041 469.4 l . P  0.8 11 0.801 .................. ........ 4,500 ...... - 2.9 ...... 10 0.3M .................. 
11 2S.6 4,834 424.5-6.2 1.0 9 0.m .................. Inmion. ........ 5.000 ...... - 6 . 2  ...... 9 0.m .................. 
11 9 . 9  5.120 409.5-6.1 -0.3 9 0.2671 .................. 
11 33.3 5,953 387.6-13.4 0.9 7 0.112 .................. ........ 6.000 ...... -13.4 ...... 7 0.112 .................. 
11 35 0 6 372 352.7-14.2 0.3 8 0.119 .................. 
11 36:l 6:629336.2-1S.9 1.3 70 .089  .................. 
11 37.4 6.908324.5--19.71 0.3 70 .064  .................. .................. .................. .................. ........ ...... .................. .................. .................. .................. 
11 45.7 9 a68 233.6-38.2 0.ti 0.010 .................. 
11 46.P 9'467226.9-39.1 0.5 ;O.oOe .................. 
11 47.9 9:707 2lS.9-42.5 1.4 7 0.006 .................. Inverdon. 
11 48.1 9 , m  222.2-42.1 -0.2 7 0.007 .................. .................. .................. .............................. balloonburstend ............................. was detached: re- .............................. maining 'rslloon 

had sumcknt IIW 
ing force to con- 
tinue ascent. 

........ a 5 0. .................. Clock stopped. 

........ ......... .................. B & w  burst. 
22000 .... ..-49.5 .................... 1 ............... 

........ 20000 .... ..-55.2 .................................... 

........ 18 111 59.7-58.4 0.0 .............................. 

........ ..... .................................... ........ ........ 21'305 36.3-53.08 -0. .............................. 

........ 19:000 ...... -56.7 .................................... 

........ 18'OOo ...... -58.3 .................................... ........ l'l'145 69.6-58.5 -0.2 .............................. ........ 17:oOO ...... -58.7 .................................... 

........ l 6 : W  ...... 

........ 21:000 ...... -53.51 ..... ? .............................. 

........ 16141 N.4-80.4 0.1 .............................. InveA~n.  

........ 15.000 ...... -60: - :I::::. ................................ ........ 14.344 107.9-58.3 0.1 3 0.001 .................. ........ 14.WO ...... ...... 8 0.001 .................. 
............................... 

........ .................. ........ .................. ........ ...... ...... .................. ........ ...... 4 0.001 .................. ........ ...... ...... 5 0.m .................. 
- 

0 Estimated by extra olation from the ascent 
Balloou burst; clode stmrted runniug, bui Umecr of thia and succeedLnplevels 

unknown. 

TABLE rl.-Rsaclts of sounding balloon (~dcmaiona, Avalon, Ca1.- 
Continued. 

JULY 30, lQl3. 
. .  - 

1 Humidity. I Wind. 1 Aitl- ~ P r e s - l ~ i  I Remarks. 
At 1 Time' tude. sure. t-liwm. 

Rel. 1 Abs. 1 Direction. 1 Vel. , 
-1-1-1-1-1- 

Few Cu. 

Inversion. 

Inversion. 

B a h n  dlsapg 
Few Cu. 

8, 0.142! .................. 
8 0.103 .................. 
71 0.051 .................. 
7; 0.048 .................. 
6 0.om .................. 
6 0.016 .................. Inversion. 
6' 0 016 .................. 
61 0:olal .................. 
6 0.010; .................. 
6 0.0841 .................. 
6 0.003 .................. 
6 0.003 .................. 
6 o.ooa,.. ................ 
6 0.003 ............ ......I Inversion. .................. 
6 0.002 .................. 
6 0.002 .................. 
6 0.003 .................. 
6 n.om .................. 
6 0.m .................. 
6 0.001 .................. Inversion. 
6 0.m .................. 
5 0.m2 .................. 
5 0.onl .................. 
5 n.mi .................. Inversion. 
5 0.002 .................. 
5 0.002 .................. 
5 0.m.. ................ 
5 0.m .................. 
5 0.002 .................. Inversion. 
5 0.002 .................. 
5 0.m .................. 
6 0.004 .................. 
6 0.m .................. 
6 0.005 .................. 
6 0.005 .................. 
8 0.005 .................. 
6 0.005 .................. 
6 0.008 .................. 
6 0.006 I .................. 
6 0.006 .................. 
6 0.0061 .................. 
6 0.005) 

5 0.004 .................. 5 0.004 

5 0.003 .................. 
5 0.003 .................. I 
5 0.003 .................. 
5 0.003 .................. 
5 0.m.. ................ 
5 o.oo2 .................. 
5 0.001 .................. 
5 0.001 .................. 
5 0.001 .................. ( 
5 0.001 .................. Inversion. 
5 0.001 .................. 
5 0.001 .................. 
6 0.002 .................. 
6 0.m ................... 
6 0.m .................. 

6 0.005 .................. 
6 0.004, .................. 

1 ;. ................. 

.................. .................. i 
3 0.003 .................. i 

5 0.001 ..................I 

I '  I 1  

8 Cloak stopped st intervals; times of this and subiequeat levels unknown. 
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TABLE 4.-Rem42tr of wunding balbon aacmuiolu, Avalon, CaL- TABLE 4-Resulb of sounding oamon umwaons, Avamn, La&.- 
Contmued. Continued. 

JULY 31, 1913. AUQUST 1,19l3--COntInued. 

A. M .  
h. m. 

11 31.5 

11 38.0 
11 3i .2  

........ 

........ 

........ 

. . __ --- 
. . I .  

M. 
11 OOO 
11:Wj 

12:~2i 
18.ooO 

12 12,ooo 366 

10 t E . 1  37.5 

10 39.3 

Xm. OC. P, ...... -43.2 ...... 
161.7-49.5 0.6 
...... 1.52.5 -4% -49.w 4 ...... 0.1 

152.1 -32.4 0.ti 
...... -52.3 ...... 

........ 

10 41.8 I 10 40.2 
10 41.0 

.et. 
31 
31 
31 
30 
30 
30 

g w .  bf.pr.  
0.026 .................. 
0.013 .................. 
0.013 .................. 
0.012 .................. 
0.009 .................. 
0.009 .................. 

500 
622 
iW 
995 

1000 
1'403 

1'89s 

2:3M a 500 
2'642 

3:109 
3500 
3'586 

1'500 

a'm 

3'000 

4'000 
4'418 
4'500 
5'000 

5'795 
5'041 

6:000 
6 557 
7'000 
7:430 
8 000 
8:W 

........ 
11 21.2 
11 22.6 

11 239 
11 25 4 

........ 

...... 

....... 
...... 18.0 ...... 
711.5 18.1 0.0 
696.9 20.5 -1.4 
681.2 21.7 -0.6 ...... 21.6 ...... 
649.7 21.7 0.0 ...... 21.0 ...... 
613.4 19.2 0.5 ...... 18.7 ...... 
581.4 17.0 0.5 ...... 17.0 ...... 
568.6 17.0 0.0 ...... 12.8 ...... 
531.7 12.0 0.9 ...... 8.8 ...... 
501.7 8.1 0.8 ...... 5.8 ...... 

...... - 1.5 ...... 
419.5- 1.8 0.9 
381.0- 9.3 1.0 
...... -11.3 ...... 
345.2-16.7 1.0 ...... -20.6 ...... 
307.0-24.4 0.9 ...... -28.6 ...... 
269.1-31.3 0.7 

450.2 3.7 0.5 ...... 2.7 ...... 

........ 
11 29.6 
11 30.1 
11 31.3 

74 
74 
63 
46 

........ 
11 31.8 

11 34.8 

11 36.4 

........ 

........ 

........ 

11.201 .................. 
11.328 .................. Inversion. 
11.102 S. 69' E .. 1.5 
8.690 8. 57'E.. 5.6 

........ 
10 43.2 

10 45.6 

10 47.3 

10 48.3 

10 50.2 

10 52.0 

10 54.5 

10 57.3 
11 00.2 

11 03.0 

11 06.0 

11 09.0 

........ 

........ 

........ 

........ 

........ 

........ 

........ ........ 

........ 

........ 

........ 

11 10.0 

11 13.8 

........ ........ 

........ 
11 i8.a ........ 

8,781 
9,000 

l 0 : l S  
11 000 
11'725 
12'000 
13' 
13'165 
13'533 
14'000 
14:154 

15 Wo 
16'0(10 
l6'1l!8 
l6'sOO 
16:933 
17 OOO 
17:134 
18 am 
18:tiCn 
19 000 
l9:580 
20 000 
21'W 

io 000 

14,616 

Inverslon. 

W.9-3?.8 0.4 ...... -34.6 ...... 
208.4 -43.6 0.8 ...... -47.4 ...... 
166.0-51.1 0.5 ...... -52.3 ...... 
132 9-57:6"'0:5 
126:0--55.5 0.21 ...... -56.7 ...... 
114.2 -56.1 -0.4 

...... -55.4 ...... ...... -57.7 ...... 
83 7-58 1 0.2 
78:1-56:8 0.2 
74.4-58.4 -0.1 ...... -58.6 ...... 
72.0-68.0 0.2 ...... -56 0 ...... 
57.1 -57:6 -0.1 ...... -56.4. ..... 
49.1-54.6 -0.3 ...... -53.7 ...... ...... -51 Q ...... 

...... -43.2 ...... 

Wo...... -66 9 

106.0--64.5 -0.3 

I I  

AUQUST 1, 1913. 

34 761.0 23.9 
179 748.4 20.0 
365 732.4 22.4 
500 ...... 23.1 
707 704.1 W.4 
6591 691.8 ?4.7 

l D 0 0  ....... 24.2 
1:015\ 679.6 24.2 
1500. ...... 22.0 
1'5341 640.0 21.8 

2'500 __.___ 14.6 
2'555 567.8 14.0 

2'000!. ..... 18.3 

3 ' m  ...... 10.9 
3:.m ...... 7.4 
4 000 ...... 3.6 
4:238 4Rs.7 2.2 
4,432 451.7 1.9 
4,500 ...... 1.5 
5 000 ...... - 1.6 
5:381 400.9- 4.0 
6000 ...... - 9.5 
6'?33 359 7-11.6 
6:296 356:7-10.8 
6 426 350 6-13 7 
6'8Ro 330:7-16:8 
7'000. ..... -17.5 
7'218 315.8 -18.2 
8'000 __._. . -23.5 
8 : i a  279.1--24.3 
9.000 ...... -30.0 

10 000 ...... 3 6 . 6  
10:703 194.6-41.4 

A. Y. 
10 36.0 
10 36.8 
10 38.0 

10 40.0 
10 40.9 

........ 

...... 
2.7 

-1.3 

-0.6 
-0.2 

0.3 

0.5 

_..__. 
0.8 

...... 

...... 

...... 

...... 

...... ...... ..... 
0.7 
0.2 

...... 
0.6 ...... 
0.8 

-1.3 
2 2 
0:7 ...... 
0.4 _._ _.. 

...... 

0.7 ...... ...... 
0.7 

........ 
10 41.9 

10 44.9 

10 51.1 

........ 

........ ........ 

........ ........ ........ 
10 58.8 
11 00.7 ........ ........ 
11 05.5, ........ 
11 09.8 
11 10.4 
11 11.2 
11 12.8 ........ I ........ 11 14.9 

11 19.2 ........ I ii' .%.q 

I. 

dlsap. 
Cirrus 

d isap- 
C.i. 

P.M. 1 1 
ia 03.3 19 993 47 3 56 a 0.2 ........ ad,ooO~._._ :. -56:2.:... 

ia 08. ao'4511 44.1 -54.2 -0.7 ia 07.: ao:em\ 4z.61--55.4 0.5 

........ a3'01)oI ...... 1154.3 ...... ........ 23' OOO: ..... ;1-53.5 ...... 
12 11.3 ss:rss, 27. rs-53.i o.a ........ 23.m) ....... 1-51.5 ...... 

11 0g.O 20 195 45.i-55.9 -0.1 

........ 31 000.. .... 55.0 ...... 

...... 
........ ... 

........ 

........ ...... 

...... ...... 
....... ...... 

........ ...... -37.9 
ia 47.5 8,3031 a37.3-~.7"'0:8 ........ 9,000 ...... -30. 5 . . . . . .  
12 51.7 8.188 276.8-24.3 0.5 la  ........ 55.9 8,000.. 7,058 3aa.6-1~.2'~'6'9 .... -23.51 

........ 7,000 ...... -IS. 71. ..... ........ 6.000 ...... -10.2i...... 

........ ........ ...... ...... 

Inversion 

InVersion. 

Inverslon. 

Inverslon. 

Inverslon. 

Inverslon. 

Inverslon. 

Inverslon. 

I ! I l I I I  I .  I 

AUQUST 2,1913. 

I I  ---- I I I I I I I  
A.M. I 

10 59.01 
11 00.31 
11 01.51 

11 oa.7 
........ I 
11 M.01 
11 05.01 ........ I :: $:%I 
........ 
11 10.0 

11 14.5 
11 14.9 

........ 

........ I 

........ 
11 24.0 

11 29.0 

........ I 
11 36.3 

........ 

........ 1 

........ 1 

34 761.0 
259 741.5 
437 7a6.5 
500... . . .  

711.5 
153 701.0! 
907 669.0' 

1 . m  ...... 
1,059 677.1 
1,197 666.6 
1 5  ...... 
1:6: 635.3 
2 . m  ...... 
2:3% 584.7 
2,500 ...... 
3.015 539.0 
3 w  536. 
3:307 520.: 
3,500 ...... 
3.661 498.3 
4.000 ...... 
4,437 453.a 
4,600 ...... 
5.000 ...... 
5.717 388.1 
6,000 ...... 

am 587.7 

3.000 ...... 

25.1 I 

30.0 -0.61 

....... 
1.8 1.01 

27.9 ...... 
39.0 -1.6 

29.5 ...... 
1 . 1  0.6 
27.4 0.51 
25.4 ...... ! w. 7 

a6.7 

ai.1 

...... 
12.3 _.__.. 1 
12. 12.; -1.11 1.0 

10.6 0.8 
9.9 ...... ! 
6.3 ._._.. 
2.9 0.8 

- 11.6 ...... ! 
- 6.8 ...... 1 

a.3 ...... 
- 4.8 0.61 

............... .................. .................. .................. .................. 

... 
.. 3.3 

4.9 

... 5.9 ... 7.a ... 7.3 ... 18.8 
7.2 .. 7.4 

aS 2.483 8. 1 - E  ... 7.5 
25 1.840 8. 6'E ... 9.3 
aa 1 . m  S . I ~ ~ E . . .  11.4 
22 1.243 8.1'd0E ... 11.4 
20 0.922 S. S'E ... 10.4 
18 0.W 8. 1"E ... 9.0 
17 0.4761 8 .......... 9.0; 

.. 
... 

1nverslon. 
Cloudless. 

Inverslon. 

Inverslon. 
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TIIIIO- 

TABLE 4.- Rceults of sounding balloon a s e h m ,  Arnlon. Ca1.- TABLE 4.-Resulta of sounding balloon ( z w c I M ~ ~ M ,  Avalon, CaL- 
Continued. Continued. 

Humidity.\ P_, 1 
Rel. 1 Ab. I Direction. Vel. 

AM- Prw- %zdt RWMUks. 1 Alti- ll'~lTem-l dl 1 Remarks. 
t a e .  aura. ym. loom. 

Humidity. Wind. 

Rel. Ab. Direction. Vel. 
Time. tude. mire. Eg - 

-------- 1 1 - 1 -  
AUGUST 2,1913-C4mtind.  

I , , ,  I 

14,000 df. 
14 729 
15'000. 
15'794 
15:975 
16 000 
16:en 
16,714 
16,895 
17.000 
17,488 
17 000..  
16:492 

AUGUST 3,1913-Conthued. 
- 

, I , ,  1 I 

...... M9lZ. -54.0 Of?. 1 .................. I ~ . C # . + / ? n a . /  8. ZZ'W.. iM. 1g.4 d. 
107.0-56.8 0.4 ............ 8. 29OW.. '20.3 ..... -59.2 .................. 5. 23' W.. 18.2 

88.2-65.3 -0.2 ............ 8. 27'E ... 9.4 
...... -65.3 .................. 8. W E . . .  9.4 

79.4-67.6 0.3 __.._. ._____  8. 20 w.. 9.2 Inversion. 
78.1-66.9 -0.6 ............ 8 . 3 4 - E  ... 5.3 
76.0-62.4 -25 ............ 18. 4S0E ... 9.1 

...... -62.3.. ................ 8. 45' E... 9.6 
69.4-61.8 0.0 ............ 8.31'E.. . 11.4 
.... -61.5.. ................ 8. 84' E... 17.9 

90.8-65.71 0.81 ............ , S .  P W . .  12.2Invenlon.  

79.9-61.2 -0.6 ............ N.32"E ... 25.8 
16.000 ...... 
15838 
15'!208 
15:OOO _____.  
14 000 ...... 
d 1 1 8  
13,000 ...... 

i.7 ........ 
........ 
11 63. 

ij- -G:0 

-64.3 .................. 8. 71°E ... 12.5 
88.6-65.4 0.0 ............ 8.@E.. .  7.8 
97 .8 -6 .4  0.6 _____.  ._.__. 8. 10-W.. 20.3 IUVerdOn. 

-64.0 _____ .  ._.__. ____.  . 8. 11' W.. 19.6 
-57.9.. ................ 8. 15' W..  16.5 

135.3--5a.4 0.2 ............ 8.18OW.. 13.7 ' i  -52.2.. .................................. I 

..... ; -14.4 .. 

...... -22.5 .. ...... -28.5 .. 

12 0.. ... .1-50. a . .  
11 000.. ....I&. s.. 
10,000 ...... '-37.5 

8000 ...... I&:41__.__. 
?:os0 321.0-16.21 0.6 

4000 ...... - 3.2 ...... ......I 

3:000 ...... 10.6 

1 ' m  ...... 23.9 
1:m 863.5 28.7 0.9 
1,000 ...... ! a 5  

11:783166.0 49.91 0.7 

lO:O52 213.6'-37.8 0.8 

8,539 283.6 2 5 9  0.7 
9,000 ... ...I-as. 4 

7,000 ...... 1-15.7 
6000 ...... - 9.4 
6'275 405.3- 5.0 0.6 

4,500 ...... 0.0 
4000 ...... 3.1 
3:79!2 487.7 4.3 0.8 
3500 ...... 6.6 

2500 ...... 14.5 
2:lW 591.5 17.0 1.0 
2 OOO...... 18.9 

849 690.0 29.8 0.4 

11 16 14 641 110.1'-54.1 0.5' 
12 l i .3  l4:?99 106.7-50.3 -1.5 ........ l5 ...... -50 .9  ...... 
11 3 . 6  l5:43 gs.0--52.1 0.3 ........ 16, ................... 
11 3 ! 3 . 0 I 3 1 6 ~  ................... 3 

.................................. .............................. 
.............................. 

.................................. 
.................................... ..................................... 

............I .................. 

............ . i  ........... ............ 1::::: ............. 
.................................... .................................... .............................. 
.................................... 

.............................. 

........................ 
.................................... 
.................................... .................................... .................................... .............................. .................................... .................................... .............................. 

12 60.4 ........ ........ ........ 
11 57.9 ........ ........ ........ 
1 w.0 

1 01.8 

1 03.3 

........ ........ 

........ ........ 

........ 

........ 
6 50.0 

6 54.3 

i 00.3 

7 04.2 

7 10.0 

7 17.7 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 
7 24.1 ........ ........ ........ 
7 30.4 

7 34.1 

........ ........ 

35.5 -40.0 -0.5 

P. Y. 
4 53.0 
4 55.7 
4 57.2 

4 58.9 
5 00.7 

5 03 0 
06:4 

a 07.8 

5 09.4 
5 12.7 
........ 
5 17.0 

5 23.0 

........ 

........ 

........ 

........ 
5 26.0 
........ 
5 35.6 

5 46.0 

........ ........ 

... 

I 

34756.4 31.4 ...... I 
233 z39.0 17.1 2.2l 
451 da0.l 23 2 

6R5 703.0 26.0 -1.3! 
772 694.5 28.8 -2.6' 

1 036 674.2 30.0 -0.51 
13350 650.7 30.0 0.01 
1.440 644.1 28.8 1.3 
1500 ...... 29.5 ...... 
11534 637.4 29.8 -1.11 
1,741 622.6 27 0 
2.000 ...... 2619 ,...?.!I 
2,116 596.5 26.8 0.1 
2 500 ...... 23.5 ...... 
2:551 567.5 22.8 0.91 
2,796 551.5 m.5 0.9' 

3:459 510.1 1118 

4 OOO...... 0.7 ...... 
4:087 472.3- 0.7 

500 ...... a3:7 .Y 
1.000 ...... 39.9 ......I 

3 0001 ...... 17 8 ......I 
3,5001 ...... 11.1 2 3 i  

rt. g./nO. 
16 0.372 
16 0.235 
l5 0.114 
15 0.105 
14 0.055 
14 0.053 
13 0.021 
13 0.012 

70 

49 
30 
21 
20 
13 
10 
9 
9 
6 
6 

.. 
8. 2'E. .. 8. 4'E. 11. 

7814.482 E ......... 
8311.972 N.51.W.. 

14.411 8. 37' W..  
6613.979 8. 63'W.. 

11.813 N. 69' W.. 
8.441 N.80'W.. 
6.274 N.87.W.. 
6.001 N.88'W.. 
3.905 N.82OW.. 
2.514 N.65.W.. 
2.831 N.69'W.. 
2.674 N.72'W.. 
1.529 H.43'W.. 
1.521 N.46'W.. 

13 0003 8. 8"W.. 
131 0:0O3 8. 8"W.. 
13 0.oW 8. 8"W.. 
13; 0.004 8. S O W . .  

6 1.512 
6 1.256 

1.207 
7 1.234 
9 1.353 

12 1.253 
13 1.300 

... 

N.48-W. .  
N 7.E .. 
N:l4*E 
N. 8 O W Y ' : :  
N. Y E .  .. 
N. 40' E... 
N.40.E ... 

8.59" E... 
................... .................. .................. .................. .................. .................. .................. .................. .................. Inversion. .................. .................. .................. .................. .................. .................. 

... 
4.5 
6.4 
7.3 
5.1 
6. 5 
7.1 
4.7 
4.2 
3.1 
3.5 
4 5  
4:s 

11.0 
11.8 
11.8 
21.7 
23.3 Invar€3on. 
19.3 
24.3 InVerslon. 
23.0 
20. 8 

i::: 
version. One 

Lmlloon burst and 
became detached: 

remaining 
wi00n had sum- 
cientlifting force E. to continue as 

7.4 Balloon d i a a p -  
~med. FewCu. 

18. 

;:; 

Inversion. 

5/10 A. CU.; 8. 

P. Y. 
b. m. 

6 24.0 

6 38.0 
6 30.1 

........ 

........ 

........ 
5 58.0 
6 02.0 
6 04.3 

6 05.7 
6 14.0 
R 20.0 
R 14.0 

. . -. . -. . 

........ 
6 33.0 
6 34.0 
6 35.7 

1.6 
1.7 
0.1 

-0.7 
0.8 
1.4 
0.7 

..-.. 

..... 

........ 
6 35.4 

6 40.0 

6 41.7 
6 44.1 

........ 

........ 

........ 
7 35.91 
7 36.7 

AUGUST 3,1913. 
-4UGUST 7, 1913. 

5 07.71 ........ 
5 10.3 
6 11.3 ........ 
5 13.0 
5 14.0 

6 10.0 

5 a2.8 

5 a8.0 

6 31.0 

5 34.0 

........ ........ 

........ 

........ ........ 

........ 

........ 

........ 
6 37.0 
5 119.0 

6 45.8 

5 a.0 
5 68.0 

6 04.8 

........ ........ 

........ 

. . -. . -. - 

........ 

........ ........ e 10.0 
6 16.1 

e l a1  
........ 

..... Few Cu. 
m o u n t 8  
maialand. 
version. ..... ..... ..... 

2. 7 
6.4 
5.8 
5.4 

4.51 
4.01 
4 2  

5.21 
6 1  

5.2 
1.8 
1.8 
2. 2 
2.3 
4.8 
4. 6 
4.2 
2.5 
2. 1 
3.5 
4.0 
5.9 
7.6 
7.7 
7.9 
9.4 

16.4 
16.8 
22.3 
n . 3  
16. 7 

4: 91 

6: RI 

O v a  
Ins on 

In- 

........ 
R 36.1l 
R 41.01 

- 7 .2 .  

...... 
6,4481 347.5 -8L1 

1.9 Few A. Cu.,feW I). 
1.5 Inversion. 
2.0 I 

a 4  
. 

817 A t  the baae of A. 
CU. 657 p. m. 
B ~ O O U S  d h p -  
psered. 

7.8 
8.4 ...... ........ ... Inversion. ..... .......... ..... 
.. 

........... ... 
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A. Y. 
4 13.0 
I 45.7 

4 48.2 

4 49.2 

4 52.4 
4 54.9 

s 00.9 
5 03.0 

5 09.0 
5 11.0 
5 13.1 

5 16.6 
5 18.3 

........ 

........ 

........ 

........ ........ 

........ 

........ 

TABLE 4.-Reatdts os a o u d n g  balloon oac&, Avalon, Ca1.- 
Concluded. 

AUGUST 8, 1913. 

, , . , , I  . .  

P. Y. 
h. m. 3f. Mni. ‘C. 

5 23.5 34 755.6 20.0 ...... 
5 25.1 367 726.6 17.2 0.8 ........ 500 ...... 16.4 ...... 
5 26.7 786 691.5 14.4 0.7 

34 
435 

832 
1 

1,500 
1 549 
1:016 

i:n3e 

P. 

i 
765.91 
722.6 

5on...... 
690.3 

OOO...... 
_._.__ 
635.7 
604.8 

674.3 

......... _I.. .... I 

23.4 
21.3 
21.9 
21.7 
24.5 
24.5 
23.3 
23.2 

19.0 
21.0 
21.5 

24.5 
26.2 
24.1 
24.3 
23.7 
23.0 
21.3 

19.) 

2a.4 

~ 4/lO 8. C& SSE. 

...... 
0.51 ._._.. 

-0.9 ...... 
0.1  ...... 
0.3 
0.6 

0.8 

...... ...... 
0.7 

...... 
-0.3 

0.2 
-0.5 

-1.8 ____.. 
...... 

Balloon in 8. Cu. 
NW. Invepsion. 

58112.0i7 
5710.522 
52 9.937 
27 6.052 
21 4.654 
20 4.432 
15 3.106 
14 2.882 
15 2.461 
15 2.421 
13 2.358 
13 2.428 
0 1.770 
8 1.773 
7 1.706 
7 1.517 
7 1.534 

16 3.3Sl 
27 5.495 
44 6.122 

Inversion. 

N.46.E ...I .. 
N.24”E. 
N .  5 - E  ... 
N.89’ W.. 
8. 8 8 O W . .  
8. S7’ W-. 
N.47-W. .  
N.42’W.. 
N . 4 l 0 W . .  
N.47’W.. 
N.43’W.. 
N.42’W.. 
N.23.W.. 
lC. MOW.. 
N .  61’ W.. 
N . W  W . .  .............. .............. .............. .............. 

Inversion. 
Pressure pen not 

recordlug. Alti- 
tude computed 
from ascensional 
rate. 

6/10 S. CU. 88E. 
Balloons disap 

eared In st. cu. 6 bsarvations Of 
ascension were 
made tbrou h 
this film. of it. 
CU. whwh at 
times 01,scured 
balloons after 5 
26.5 p. m. 

2.8 
1.1 
1.7 
4.0 
3.5 
3.4 
2.3 
3.1 
2.1 
2.1 
2.2 
2.2 
2.1 
1.8 
1.5 
3.9 .... .... .... .... 

I n .  - . -- -. - 

AUGUST 10,1912. . 
.. 

I I 1  I I I I I I  
-~ 

702 
600 

360 
263 

700.S 
709.0 wo...... 
728.9 
737.1 

Cloudless. 
Inversion. 

One b3llOOn n+ 
came detacherl: 
the other hallorm 
with the mete- 
oromph slowly 

Inversion. Ballmi 
disa perued he- 
hinrfthe moun- 
tains: 

Inversion. 

ascended. 

(b )  THE CAPTIVE BALLOON AND MOUNTAIN OBSERVATIONS 
ON AND NEAR MOUNT WHITNEY. 

By W. R. GREW. 

Meteorological observations, including some cap tivc. 
balloon ascensions, were made at Mount Whitney, Cal., 
from August 1 to 13, inclusive, and at Lone Pine, Cal., 
from August 1 to 4, inclusive. Mount TVhitney is the 
highest peak of the Sierra Nevadas, its altitude being 
4,420 meters. It lies in latitude 36’ 35’ N. and longitude 

118’ 17’ W. On the north, south, and west it is s u r  
rounded by mountains, many of which are nearly tw high 
as itself; its eastern slope is quite recipitous and at its 

width and extends in a north-northwest and south- 
southeast direction. East of this valley and running 
parallel to the Sierras is the Inyo Ra e, altitude about 
:$OOO meters. Lone Pine is situate 3 about midway 
between these two ran es, near the northern end of 
Owens Lake. Its altitu f e is 1,137 meters mid it lies in 
latitude 36’ 35’ N. and lon itude 118’ 3’ W., about 25 
kilometers clue east from d u n t  Whitney. Top0 aph- 

pendence, Cal., w-hich is about 35 kilometers north- 
northwest of it m d  therefore practically the same dis- 
tance from Mount Whitney. Independence is in latitude 
36’ 48’ N., longitude 118’ 13’ W., and has an altitude of 
1,191 meters, or 5-4 meters higher than that of Lone Pine. 

foot lies Owens Valley, which is a i! out 25 kilometars in 

ic.ally- the location of Lone Pine is similar to that o F Inde- 

SURFACE OBSERVATIONS AT MOUNT WHITNEY. 

Tile instrumental equipment consisted of a Short and 
Nason aneroid barometer, sling psychrometer, small kite 
snemometer of the Robinson ty e, Marvin meteorograph, 
and Richard meteorograph. 1 he Richard instrument 
recorded pressure and temperature only and the object 
in taking it w-m to  obtain a surface record of these ele- 
ments and a.lso to rovide a substitute in case the Marvin 
instrument were Y ost or injured. The latter recorded 
relativr humidity in addition to pressure and tem era- 
ture. In  order to secure good ventilation during b&oon 
ascensions a section of the horizontal screening tube con- 
taining the humidity and temperature elements had been 
cut out, thus exposing these elements directly to the 
air. 

As soon as they were unpacked, both of these instru- 
ments were started recording mid a continuous record of 
pressure, temperature, and relative humidity was ob- 
tained. The sheets were changed at  8 a. m. and 5 p. m., 
and eye readings of the aneroid barometer and psy- 
chronieter were taken at  these times-at 11 a.m. and 3 
p. ni., and durin balloon ascensions. I n  addition, read- 

Angstram and E. H. Kennard, representing the Smith- 
sonian Institution, during the ni hts when they were 

the meteorograph records. 
The esiosure of the instruments was fairly good. 

They were kept in an improvised shelter constructed 
from the boxes in which they were “packed” to the 
suniniit. The ventilation was good, but during those 
afternoons in which the sun shone, the air in the shelter 
was considerably heated. However, there were only four 
sunny afternoons, and furthermore the eye readings at 
2 p. m. and 5 p. m. leave but little interpolation necessary. 

All of the iiistruments were calibrated before and after 
the e-upedition. Especial care was taken in the calibra- 
tion of the aneroid barometer, tests being made to de- 
termine the correction for “lag” or “Cree m ” and for 
chan es in tern erature. The effect of t K ‘ p i  e atter was 

Owing to the lar e scale value of the pressure elements 
in the meteorograp s a~id  to the effect of chan es of tem- 
perature on those elements, it is impossible to o tain with 
much accuracy the hourly values. However, in Table 5 
are given the pressures observed at certain hours. The 
readings at  11 a. ni. are unifornily hi her than those at 
8 a. m., 2 p. in., or 5 p. ni. It is probab 5 e that the diurnal 
m&uimum occurs at  about this time. 

mgs of the psyc 5 rometer were taken by Messrs. A. K. 

observing. These readings have 9 qo been used to check 

foun % to be neg P igible. 

% B 
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The range of ressure for the entire peiiod is lar e, 

pendence is much less, about 5 mm. At both places 
the lowest readin were recorded on August 8 and 9,  while 
a cyclonic distur B ance was central over northern Cali- 
fornia. This low was attended by considerable cloudi- 
ness, with thunderstorms, and, at  Mount Whitney, 
snowstorms. The greater pressure range a t  Mount 
Whitney than at Independence is accounted for b the 
cool weather during the passage of the low an: the 
cons uent crowding together of the isobars in the 

Tables 6, 7, and 8 contain the hourly values of tem- 
perature, relative humidity, and absolute humidity, 
respectively. Means have been computed for the 10 

about 8 mm. '&e range for the same period a€ In d e- 

lower 7 evels. 

prevailed. However, the values a t  both laces, com- 

beather, indicate that in summer temperatures on 
niountains are higher than those in the free air, althou h 

considered. The times of maximum and rmnimum tem- 
peratures at  Mount Whitney were 3 p. m. and 5 a. m., 
respectively; at  Pikes Peak they were 1 p. m. and 5 
a. m., respectively. 

Figure 10 shows mean hourly temperatures a t  Mount 
Whitney and Independence and for the same period 
during 1893 and 1594 at Pikes Peak. The range a t  the 
latter appears to be somewhat snialler than a t  Mount 
Whitney, and this may be due to the fact that conditions 
at  Pikes Peak are more nearly like those of the free air, 

ared with those at  the same altitude a Y l  ove Mount 

difference in latitude, in this case about "', should Q e 

ma. 8.-Pressure distribution in the western United States, July aS-August 13, 1913. 

complete days, August 3 to 12, inclusive. Final con- 
clusions may not be drawn from so short a record, but 
a few comparisons are of interest. The mean tempera- 
ture was 0.7' C.; that in the free air at  the same altitude 
and for the same time of year, aa determined from five 
years' observations a t  Mount Weather, Va.,is - 2.0'. The 
mean temperature at Pikes Peak1 for these 10 days in 
1893 and 1894 was 2.8'. Pikes Peak has an altitude of 
4301 meters or about 100 meteis below that of Mount 
Vhtney, and to correct for this difference in altitudeabout 
OO.6 should be subtracted from the value at  Pikes Peak. 

below normal, owing to the severe stormy weather whic 9 1 
The temperature a t  Mount Whitney was undoubted1 

IAnnuel Reports of Chlef U. 8. Weather Bureau, 1893,1594,18%5-96, Washlngton. 

owing to its isolation and the consequent freer circula- 
tion. The curve for Independence showa the large 
diurnal range characteristic of valle stations. Beneath 
the mean temperatures for Mount d i t n e y  in Table 6 are 
given the means for the same period a t  Independence 
and the differences in temperature chan e per 100 meters 
altitude between the two places. #he temperature 
change with altitude during the night hours is somewhat 
misleading, owing to a marked inversion of temperature 
between the surface of the valley and about 200 meters 
above it, as will be ointed out in discussing the Lone 
Pine observations. $he hourly diff erences between Inde- 

endence and Mount Whitney during the daytime are 
L g e ,  averaging about 0.85. The mean for the 24 hours 
is 0.73. 
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Dab. 

1913. 
dug. 1 

TABLE 5.-Pressures at Mount Whdney, Cal., Aug. 1-18, 1915. 

A. Y. 

1 2  3 4 6 6 7 ' 8  9 I -------,-- 

'C. .C. o c .  'C.  OC! *C. 'C .  I oc. ' C .  .............................................................. 

11 ......... 
12 ......... 
13 ......... 

B I w m  ......... 
Inn leyendenee 

means ....... 
Pperloom .... 

-2.4 -2.4 -2.5 -2.7 -2.8 -2.8 -2.8 -2.B*-2.6 
-3.02-2.8 -2.8,-2.P-2.5 -2.5 -1.4 -0 .P-0.2 
-2.0 -2.4 -2.5 -2.6 - 3 . F  ....................... 
-0.8 -1.0 -1.1 -1.2 -f .S -1.1 -0.6 0.1 0.2 

18.6 17.8 17.2 f6.S 16.5 16.7 aO.4 22.9 25.2 
0.60 0.58 0.57 0.54 0.55 0.55 0.65 0.71 0.71 

8 9  
-- 
........... 

5 6  
-- 
.......... 

80 
62 
45 
57 
68 

loo 
98 

100 
73 
58 

................ ................ 
68 71 
6P 67 
49* 52 
578 55 
7W 75 
82+ 82 
978 99 w 94 
7?+ 72 
679 50 

1913. 
Aug. 1 .......... 

2.. ........ 
3 ..... .:.. 
4.. ....... 
5. ........ 
6. ........ 
7. ........ 
8. ........ 
9.. ....... 

10. ........ 
11.. ....... 
12.. ....... 
13.. ....... 

9P 
F 
b P  
r13r 

88 

100 
3l* 
15 

........... ............ 
9P 
718 
52. 
402 

6 8 6 8  
9 3 9 3  

87+ 
9 6 9 3  

100 
28 
19 

..... 
85+ 
518 
555 
70 

........... 
7 P  
78 
4 P  
438 
70 

9 5 9 4  

'3 
(t) 
51 

92 

18 
23* 

.......... 
'3 
(3 

E e  

52 

91 
8 8 9 0  

30 ...... 

79' 
6 c  
56. 
87. 
69r 
788 w 
w85 
W 
YP 

........... 
(WJ 
68 
48 
64 
68 
80 
95 

41 
48 

Pours. 

P. Y. I A. Y. 

TABLE B.-Howrly temperatures at Mount Whilney, Cal., 9ug. 1-18, 1915. 
~~ 

I Hours. I 
e. Y. I Me8M. 

- 
10 

c. 

2. a 
0.7 
3.0 
3.8 
3.3 

-0.2 
-0.4 
-0.8 
-1.0 

1.3 

1.2 

26.9 
0.S 

- 

.... .... 

.... 

- 

- 
1 2 1 3 ' 4  

"C. I "C. 'C.  .................. 

11 I 12 
-I- 

"C. I 'C.  ...... ! ..... 

5 6  

ac. 'C. 

-- 

.......... c. ..... ....... ....... 
0.8 
1.3 
2.4 
3.3 
3.2 
0.1 

-1.6 
-1.8 
-1.0 

0.4 

-0.w--0.3 I 0.3 
-O.F-2.0 :--1.1 
-0.P -0.5 .-3.O 

2.F I  2.7 ' 2.5 
5.79 5.6 . 4.0 

1.0s 1.0 
.1.1* -1.3 
.O.F -0.9 
2 . P  2.0 
4 . V  4.0 .......... 
3.1 2.S 

3 . 9  27.7 
0.B 0.7 

......I ...... I ...... I ...... I ...... I ...... I ........ ...... I ..... 
1.8 2.8 

29.2 30.8 
0.85 0.8 

I 

..... ................. 
2. 9 

31.2 
0.8! 

3.3 3.7 ~ 3.2 

31.4 31.4 . 31.3 
0.87, 0.86 0.8; 

8 Eye readings. 

TABLE 7.-Hourly relative humidities at Mount Whitney, C'al., Aug. 1-13, 1918. 

Hours. 

A. m. P. m. Date. I 
ILL P 

- 
12 
- 

..... ..... 
7 c  
778 
34 

96 
85 
93 
41 
43 

60 

(Z) 

..... 

._ 

- 
2 
- 
.... .... 
78, 
518 
36+ 
Bo* 
648 

lW 
loo+ 
918 
41* 
438 

86 

.... 

- 

- 
3 
- 
.... .... (E) 
478 aec 
69 
92 
87 
90 

100 

19 

67 

m* 

- 

- 
4 
- 
.... .... 
42 
36+ 
50. 
3 c  
69 
92 
87 
85 
96 
le 
19 

B f  
- 

._ 
7 
- 
.... .... (it) 
55 

85 
94 
87 
63 
40 

68 

.... 
- 

- 
11 - 
._.. .... w 
77 
324 
578 
638 
9P 
89+ 
95* 
418 
43+ 

67 

._.. 

-- 

- 
1 
- 
.... .... 
8l* 
72 
34 

100 
w) 
92 
41 
43 

68 

'i!' 

.... 

- 

- 
12 
- 
.... 
938 
7 P  
51. 
4 F  
88 
93 
85 
9s 

100 
31 
15 

88 

.... 
- 

- 
10 
- 

.... .... w 

50 
65 
92 

(;;) 

(E) 
41 
46 

67 

.... 

- 

- 
3 
- 

.... .... 
553 
80 
40 
5s 
66 

100 
100 
88 
45 
47 

60 

.... 

- 

._ 
7 
- 

.... .... 
&Y 
7 s  
548 
58 

100 
84 

100 
100 
67 
72 

79 

.... 

- 

- 
8 
- 
..... ..... 

78. 
66. 
518 
70 

100 
85 

100 
100 
638 
76 

79 

.... 

- 

- 
11 
- 

97. 

701 
53+ 
58+ 
70 
93 
84 
99 

100 
39. 
15 

65 

.... 

..... 

- 

....... ....... 
73 
61 
46 
66 
75 
90 
94 
92 
BZ 
42 

8 

....... ........... 
69 I 88 

................. 
72 1 72 1 72 

........... 
73 I 71 63 I 67 Means. ...... 
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TABLE S.-Alaolute humidities iu grama per cubic meter at Mount Whihiey, C'ul., Aug. 1-13, 1915. 
__ . . . .  __ .................... . -- - .... - - - 

I 
I Huuru. I 

Date. 

1918. 

2.. 
3 ......... 
4 ......... 
5 ......... 
6 ......... 
7 ......... a ........ 
9 ......... 

10 ......... 
11 ......... 
12 ......... 
13 ......... 

Means ....... 

dug. 1 

1 2 3  
--- 

.......................... ........................ 
4.01 3 . w  (3.3) 
3.2" 3.18 2.4 
2.W 2.5. 2.38 
2.18 2.01 1.4* 
3.7 3.7 3.7 
4.8 4.7 4.6 
3.7 3.7 3.7 
3:8 3.4 3.3 
4.0 4.0 4.0 
1 . r  1.0 0.8s 
0.6 0.8 0.8 

3.3 3.2 3.0 

A. m. 

---- 
4 1 5  

1.6 (1.9) 
l . w  1 . w  
2 . c  2.4 
1.78 (2.1) 
3.7 3.7 
4.6 4.6 
3.7 3.8 
3.1 2.9 
3.7 3.6 
0.P U.7 
0.7 0.9 

8 7 

...................... ...................... 
(2.4) (2.9) 
2.1 2.9 
2.5 2.8 

(2.6) (3.1) 
3.7 3.7 
4.5 4.3 
3.8 3.9 
3.2 3.8 
3.0 2.4 
1.2 1.7 
___._.I __.__ 

8.7 12.8 13.0 13.1 

8 9 
- - 

10 

................. 
3.4 3.3 3.5 I /  

4.3. 
4.18 
3.01 
3.8 
8.2 
4.1 
4.0 
4.4 
3.1 

- . . __  .- -. 
11 ' 12 

......I ..... 
-1- 

............ 
3 . P  
3 . F  
2.P 
4.05 
5.5 
3.9 
4.1 
4.2 
3.w 

........... 
3.6 3.8 

- 

Date. 

i ! l  .....I .............. .__.I::::.. ...... 

1.2 4 . e  4.1 4.3 

2.2 2.3. 2.6 4.3 
2.8 2.W 3.3 3.5 

3.9 I 3.8 3.9 4.2 

4.2 4 . ~  4.1 3.8 

....................... 

Hours. 
. -. - . - . - - - - ___ __ ___ _. - __ - . . - -- - 

A. m. P. M. I 

I l l  

- 
5 
- 

.... 
4.5 
4. 18 
3 . P  
4.w 
4.48 
4.38 
4.P 
4.32 
4.48 
3.98 

4.2 

.... 

- 

P. ir.  
-. 
8 
- 

._.. .... 
4.3 
4.4 
3.3 
4.4 
4.9 
4.3 
4.3 
4.2 
4.0 
3.2 

4.1 

.... 

- 

............ I 

- 
9 
- 

.--.. 

. _ . . I  

4 . w  
2. Tz 
2. g* 
3.9 
5.1 
3.8 
4.1 
3.8 
1 . P  
2.3 

3.4 

.... 

_- 

- 
10 
- 
.... 
3 . P  
3.8 
a. 38 
2. F 
3.9 
5.0 
3. P 
4.0 
4.0 
1. gs 
2.3 

3.3 

.... 

__ 

- 
11 
- 
3 . P  

3 . c  
2.w 
2. P 
3.9 
5.0 
3.6 
3.9 
4.0 
1.38 
0.7 

3.0 

.... 

._.. 

12 

I ...... I ........ 
4 P  ........ 
3 : P  I 3.8 
2.62 3.3 
2.1. j 2.8 

............... 
I 

3.0 i 3.5 
---- I 

Mean velocity for entIre perM, 3 m. p. s. 
Nm.-.4mmometer read at the tlmes Indicatud by *; flgtires are mean velocities lietween redhies. 

TABLE 10.-State of weather at Mount Whitney. C'iil., during Arigicet, 1915. 

Hours. 
...... ........ ...... -- 

~ ~- __ 
P. m. 

Remarks. 

A. m. 

evening. 
Cu.&Cu.N.fromS.; nnanrby inp.m. 
.E ncarhy; * 5:30 p.-H p. 
*L.1:30 p. 
Snow squalls. **6p.; 5:. 

910 8. -9 p. 

Cu. from south. 
Ci. and Y. cu. from south. 

x- I. from east and southeast. 

The relative humidity, Table 7, was probably higher 
than normal for this season of the year, owing to the 
unusually stormy weather niid the presence of snow on 
the ground. The mean was 69 per cent, the nienxi maxi- 
mum 79 per cent a t  7 to 8 p. m., and the mean minimuin 
61 per cent at  4. a. m. During the severe storm of 
August 8,9, and 10,100 per cent was frequently recorded. 
The absolute minimum was 15 per cent a t  midnight of 
the 12th. 

For the reasons given above, the absolute humidity, 
Table 8, was also probably higher than normal. The 
mean WRS 3.5 grams per cubic meter, th? mean maxi- 
mum 4.3 at 4 to 5 p. m., and the mean minimum 2.7 a t  4 
a. m. The absolute maximum was 6.2 at  7 p. m. of the 
7th and the absolute minimum 0.6 n t  midnight of the 
12th. 

Table 9 gives roughly the average wind velocities. 
Dial readings of t,he anemometer were made a t  the times 
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indicated by stars. The figures between these stars 
represent average velocities for the intervals between 
readings. The mean for the entire penod was 3.D m. p. a. 
That at Pikes Peak for the same time of p a r  was (3.0 
m. p. a. This difference may be due partly to the fact 
that Pikes Peak stands out in the open, whereas Mount 
Whitney is surrounded by peaks nearly as hi h as itself, 
and also to the greater proximity of Pikes f eak to the 

Mount Whitney and about 10 meters below it. This was 
the only spot on the mountain that was fairly level and 
free from agged surface rocks. While the balloon was 

to protect it from rocks and snow. $he as, com- 

8orps of the United States Army. A hand reel waa used 
for reeling the wire in and out. Readings of the psy- 

being fillec i! wlth gas it rested on a large iece of cmvaa 

ressed in steel cylinders, was furnished by t I e Signal 

FIG. Q.-HwiLoutal projections of the paths 01 the souuding balloous libernted at hvalou, C'ol., July 23-August 10, 1913. 

cyclonic storm paths of the United States. The pre- 
vailing wind direction waa southeast, but directions 
ranging between south and northeast were frequently 
observed, and a southwesterly wind prevailed during the 
blizzard of August 9. 

In  Table 10 may be found the state of the weather for 
the eriod, together with notes on storms, kinds of 
clou s, and miscellaneous phenomena. 

FBEE-AIU OBSERVATIONS AT MOUNT WHITNEY, CAL. 

a 
The place from which balloon ascensions were made 

was about 60 meters to the nort-hweat of the summit, of 

chrometer, aneroid barometer, and anemometer were 
innde with the aid of a pocket electric flash lnni 

Ascensions were made on only three nights, A);gust 3 
4, and 5, and were begun immediately after sundown. 0; 
dl other ni hts the weather was either too windy or too 

altitude as possible nncl WRS then kept out until the 
wind aloft had increased to such an extent that it was 
necessary to reel in. 

Table 11 contains the tabulated data for the three 
records obtained, and in figures 11 and 12 are plotted 
the temperature ~ i i d  tibsolute liunitlity graclients, re- 

stormy. T !i e balloon was allowed to take as great an 
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Ium. 

z 
81 
80 
78 
78 
75 

spectively; the slight changes with time at the higher 
lev& in each ascension are not plotted; only the ascent 
and deacent proper. On August 3 and 4 these elements 
diminished m t h  time by nearly the same amounts a t  all 
upper levels as a t  the surface. There was but little 
wmd during these nights. An Au ust 5, however, there 

ture and humisty ch-anged very little with time. The 
change with altitude in temperature was Greater and in 
absolute humidity less than on the other nights. 
TABLE Il.-RcsuB of captive balloon ascensions at Mount Whitney, 

Cal., Aug. 8-6, 191s. 

was a fairly hi h northeast wind a 7 oft and the tempera- 

Wind 

;;E 
-- 

s. 
s. 
s. 
calm. 
calm. 
e. 

I- 

pm -. 
__ 
Arm. 
446.2 
439.3 
434.0 
430.9 
424.9 
431.2 
424.9 
427.9 
424.9 
432.4 
437.0 
440.9 
446.5 

446.1 
434.3 
422.3 
409.1 
396.1 
403.6 
398.3 
4w.3 
401.2 
404.0 
403.6 
399 0 

Tern- 

E:: 
o c .  
0.6 

-0.2 
-0.9 
-1.5 
-2.3 
-0.8 
-1.6 
-1.3 
-2.3 
-2.0 
-1.5 
*-0.7 
-0.2 

2.3 
1.4 

-0.9 
-2.2 
-4.8 
-4.4 
-5.6 
-4.9 
-4.4 
-3.6 
-3.6 

Surface. 

Data and hour. 

Aug.3 1913: 
7 : n b . m  .__.. 
7:18 p.m ..... 

. zZ5p .m ..... 
7 S p . m  ..... 
.7:% p. m ..... 
1:bEp.m .._.. 
8OBp.m ..... 
8:lop.m ..... 
8 1 5 p . m  ..... 
8 1 8 p . m  ..... 
8S1 p.m ..... 
8 4 1 p . m  ..... 
8:blp.m ._.._ 

tk49p.m ..... 
0 5 6 p . m  ..... 
7 a p . m  ..... 
7:lZp.m ..... 
7:mp.m ..... 
7:Gp.m .._.. 
7:56p.m. .... 
8 : S p . m  ..... 
8:55p.m ..... 
9 : B p . m  ..... 
9 S 9 p . m  ..... 
1000p .m .... 
11:45p.m.-.. 
115Op.m .... 
1200 mdt. ... 
6:38p.m ..... 
6 5 4 p . m  ..... 
75iOp.m ..... 
7237p.m ..... 
7 5 2 p . m  ..... 
805p.m ..... 
8 1 7 p . m  .._.. 
8:56 p. m ..... 
9:M p . m  .__. . 
W0p.m ..... 
9:rllp.m ..... 
11:Wp.m .... 

Aug 4 1913: 
tki5b.m ..... 

Aug. 5,1919: 

8:rllp.m ..... 

- 
'em- 
Ern- 
m. 
- 
' e. 
0.6 
0.3 
0.1 
0.3 
0. 2 
0.3 
0.3 
0.3 
0. 2 
0. 2 
0.1 
0.0 
.o. 2 

2.3 
2.2 
2. 0 
1.8 
1.6 
1.6 
1.6 
1.3 
1.1 
1.1 
1.1 
0.9 
0.8 
0.6 
0.6 
0.6 

2.8 
2.5 
1.8 
1.8 
1.9 
1.8 
1.7 
1.3 
1. 2 
1.3 
1.3 
1.2 
1.1 - 

PIW- 
sum. 

- 
Mm. 

446.2 
446.2 
446.2 
446.3 
446.3 
446.3 
446.3 
446.3 
446.4 
446.4 
446.4 
446.4 
446.5 

446.1 
446.2 
446.2 
446.2 
446.2 
446.2 
446.3 
446.3 
446.3 
446.2 
446.2 
446.2 
446.2 
446.0 
446.0 
446.0 

446.0 
446.1 
446.2 
446.3 
446.4 
446.4 
446.5 

446.7 
446.7 
446.6 
446.5 
446.1 

446.6 

29 
18 
16 
13 
26 
6 i  
68 
85 

At ditlerent heights above sea. 

........... e. 

1.3 le. 

U.8 e. 
0.7 e. 
0.5 e. 
1.1 e. 
2.9 WE. 
3.1 ene. 
4.0 en@. 

........... 1 e. 

- 

[eight, 

0 

M. 
4 410 

4'631 

4 801 

4 744 
4' 802 

4' 533 

4: 689 

4' 883 
4: mi 

4' 661 
4' 679 
4: 508 
4,410 

4 410 
4' 627 
4' 852 
6: 104 
5 359 

5'316 
5' 216 

5' a01 

5 198 

4: 410 

4 410 
4: 625 
4, 810 
4 995 

5' a30 

5' a58 

5' aas 
5: 290 

4' 634 
4' 509 

4; 997 

$E 
4,861 
4 736 
4' Sa0 
4: 734 

46 
45 
51 
51 
51 

51 
52 

calm. 
d m .  
e. 
e. 
e. 
calm. 
calm. 

Aumidlty. 

dlr. 

3.0 

54 2.3 
54 2.1 
54 2.0 
54 2.1 
54 2.0 
54 2.3 
SI 2.5 
53 2.4 
51 2.4 
48 2.5 
38 2.0 

:I 2.8 

-1-1- 

calm. 
sw. 
ne. 
ne. 
ne. 
ne. 
ne. 
ne. 
ne. 
ne. 
ne. 
ne. 
ne. 

446.0 

424.4 
414.7 
411.i 
419.9 
414.7 
422.1 
428.9 
424.4 
428.9 
435.8 
446.1 

434.3 

........... calm. 
64 2.9 calm. 
37 77 I 4.4 1.5 r calm. 

2.8 

-1.4 
-2.S 
-3.5 
-2.7 
-3.4 
-1.8 
-0.3 
-1.1 
-0.3 

1.0 
1.1 

0.8 

34 1.1 ssw. 
33 I 1.1 Is. 

, 0.6 
0.5 

0 .4  
1.3 

0.9 
0.1 

8/ 
51 2.6 e. 

0.8 
1.0 

0.4 
1.0 

1.0 
0.1 

Aug. 3, 191S.4ne captive balloon was used; capacity, 28.6 cu. m. 
Few Cu., from the east, prevailed throughout the ascension. 
Aug. 4,191J.4ne captive balloon was used; capacity, 28.6 cu. m.; 

lifting force at be 'Mi of ascension, 5.4 k 
Few Cu., from $e BO% at 7 . m. Clou&eas by 9 Lightning 

waa Been over or near Death Valgy. There was consl&$le electricity 
on the wire. 

Aug. 5,  1918.4ne ca tive balloon was used; ca acit , 25.6 cu. m. 
Few Cu. direction unLown, in early evening. 8loudiess after 5.50 

p. m. Lightning waa Been on the eastern horizon, near Death Valley. 
TABLE 12.-Tempcrcrture difmmeur at 1OO-meter intervals above Mount 

Whitney, Cal., Aug. S, 4, 5, 1915. 

A=. a, IOU: 
Ament ................. 
Descent.. .............. 
Ascant.. ............... 
Deweat.. .............. 
Ament.. ............... 
Damcent.. .............. 

Aug. 4,1918: 

bag. 5.19D. 

M a  ................. 

300 
- 

0.9 
0.4 

0.9 
0.5 

1.1 
0.9 

0.77 
- 

Altitudes (meters). - 
400 
- 

0.6 
0. 2 

1.0 
0.4 

1. 2 
1. 2 

0.77 
- 

0.7 
0.5 

0.8 
1.1 

0.5 0.6 1.0 1.0 
0.4 10.4 0.4 0.4 

0.8 .................. 
1.2 .................. 

0.78 0.72 ' 0.50 0 70 0.70 I I 1 . 1  

Table 12 contains the temperature differences at 100- 
meter intervals above the surface, as observed in all  
three ascensions. The mean gradient is 0.70 and is 
fairly constant at all altitudes up to 900 meters. 

FIG. ll.-Temperaturegradients ('C.), above Mount Whltney, Cal., August 3,4, and 5, 
1913. 

Fio. 12.-Absoluta humidity radlents, grams per cubic meter, above Mount Whitney, $., August 3,4, and 5,1913. 
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Ohervations. 

Aug. 1,1913: 

Aug. 2,1913: 

Aug. 3,1913: 

Aug. 4,1913: 

Ascent ........... 
Descent ......... 
Aseent ........... 
D m t  ......... 
Ascent.... ....... 
A m t  
D w t  ......... ........... 

~ e a n r  ......... 

PEEE-AIE OBSEBVA'RONS AT LONE PINE, CAL. 

Altitude (meters). 

100 a00 300 400 500 600 7W 800 900 1,WO 1,100 1100 - ----- ---- I I l l  I I I I  
-4.8 -1.5 ................ 
-5.7 -0.3 ................ 
-2.7 -0.5 1.2 1.2 ...... 
-8.3 0.1 0.7 0.8 ...... 
-4.2 ..... ................ 
-8.2 -4.3 
-1.3 -1.3 

0.7 a 7  0.7 

r_ 

T h e  balloon ascensions were carried out byMr. P. R. 
Hathaway from a place about 1 kilometer north of Lone 
Pine. The instrumental and other equipment was similar 
to that used at Mount Whitney. Owing to leakage of a 
large number of gas tubes, only four ascensions were 
possible. These were made on August 1, 2, 3, and 4 and 
were begun shortly after sundown. Surface conditions 
for malung ascensions at  this time of day were usually 
excellent. 

The records obtained in the balloon ascensions are 
given in tabular form in Table 13. Figurea 13 and 14 
show the temperature and absolute humidity gradients 
respectively. There was always a marked inversion 01 
temperature between the surface and 200 meters above 
it, amounting on the average to 6' C. (See Table 14.) 
From 200 to 300 meters there was practically no change, 
but above 300 meters the temperature decreased wlth 
altitude a t  a fairly uniform rate, the mean difference per 
100 nieters bein 0.73. On August 2 there was about 
equal cooling wit a time at  all levels; on the 4th the tem- 

FIG. 13.-Tempersture gradbuts ('C.), 3bov 

TABLE 13.-Rseu1ts of M give balloon observations at Lone Pine, 
c a t ,  ~ i L g .  1+,1915. 

Data and hour 

A w l  1918: 
9:hp. m.. 
9:3Op.m.. 
9S7p.m.. 
0'44 m.. ~i:&. m. 
1o:U p. m. 
10A3 p. m. 
10.48 m. 
1hp.m.. 
7:4l p. m.. 
7:47 p.m.. 
831 p. m.. 
8:48p.m.. 
9SO m.. 
10:4fp. m. 
1 0 s  p. m. 
11 p. m. 
11:13 p. m. 
11:19 p. m. 

AUg!"%:gE.m. 

~ w . 4  ilia: 

Aug. i d 3 :  

7:i7 p. m.. 
1:21 p. m.. 
W S  m.. 
1:h p. m.. 
722 p. m.. 
7:34 p. m.. 
7:sB p. m.. 
8mp.m.. 
8- p. m.. 
8:56 p. m.. 

Surface. I At dUTere.nt heights above sea. 

Humidity. 

Rel. A h .  

pres- Wind Tm- m. Wind 
dlr. -- K h-. tion. 

- - 
% 

n w. 
80 calm. 
78 a. 
78 1. 

48 nnw 1 137 659.3 23.9 48 9.9 nnw. 
45 nnw: 1'253 849.9 27.2 30 7.7 n. 
48 nnw. 1:%6 842.8 27.1 17 4.4 n. 
84 8. 1,958 800.4 23.0 17 3.5 calm. 
67 calm. 2 273 579 8 19 2 23 3.8 88. 
88 calm. 1'811 81211 22'7 20 4.0 se. 
89 a. 1'734 618.9 22'9 20 4.0 sw. 

77 8. 1'432 841.0 24 3 23 5.0 98. 
75 8. 1'318 649 4 2 5 : O  21 6.0 e. 
70 w. 1'231 855:5 25 5 21 4.9 e. 
70 w. 1:137 862.9 17:2 70 10.2 w. 

54 calm. 1 137 M l . 8  21.7 54 10.2 calm. 
54 calm. 850.0 28.4 7.2 me. 
37 gsw. 1,137 664.5 7.5 mw. 

84 a. 1'738 819.7 a i 9  21 4.0 8W. 

I 23.9 i 
658.3 a. a 

19.9 
19.8 
21.0 
22. 2 
22.7 
!a. 0 
28.4 

68 calm. 1 137 858.9 19.9 58 9.9 calm. 
57 d m .  1:309 ~ 4 . 4  30.8 ............. se. 
43 calm. 2 367 572.2 23.2 ............. ne. 
39 s. 2'108 689.9 24.4 ............. me. 
38 a. 1'629 612.7 28.9 ............. aSe. 
38 8. 1:459 631.9 30.8 ............. Bse. 
27 8. 1,137 858.2 26.4 27 8.7 s. 

I 

A 28.6 cu.m. 
Cu. yb., from the west, %mmsed from 5/10 to a few. !&ht rain fell 
for about two minutes at 9.35 p. m. 

Atq. 2 1918.4ne ca tive balloon WBB m d ;  capacity, 31.1 cu.m. 
St. Cu., A m  the south, {ecreaeed from 6/10 to a few. 

A .8,2923.-0necaptive balloon waeused; capacity 31.1 cu.m. 1/10 
Cu. &tion unknown, diaappeared before the end of he ascenaion a . 4, 1 9 l S . 4 e  captive balloon waa umd; capacity, 31.1 cu:m. 

. 1, 1918.-One~ca tive balloon WBB used; capaci 

The& Waa C l a u d l ~ .  
- i h a  

e Lone Piue, Cal., August 1, 2, 3, and 4, 1913. 

perature cha; ed but little at  upper levels and increased 

The absolute humidity (fig. 14) diminished rapidly 
from the surface to the altitude at  which the highest 
temperature was recorded. Above this, on August 2, the 
only night in which a record of liuniidity at, higher levela 
wits obtained, it diminished slowly. 

somewhat a t  t ! le surface. 

FIG. 14.-.4bwlute htimiditg gradients, grams per cubic meter, above Lone Pine, csl., 
.illgust 1, 2, and 3, 1913. 
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During the day there was a moderate breeze from the 
north blowing down the valley. This became very light 
towardewring, and a t  about the same time the tern- 
peratuTe began to fluctuate, sudden changes of 2' to 5' C. 
occumng frequently between 6 p. m. and the time of 
minimum temperature. These fluctuntions nre well 
shown in the therm0 aph records at Independence, Cal. 

peratures and hurmdities a t  Lone Pine, Ca1. These ob- 
servations have been referred to by Dr. Wm. R. Blair in 
his discussion of mountain and valley temperatures 
(Bull., Mt. Weather obs'y, Washington, 1914, 6: 133) 
and are in accord with the conclusion there reached thnt 
"there is not a stretm qf cool air past the slo e statioi?, 

on the slope and the free air over the valley at  the same 
or sli htl lower levels." In  general, its shown in Table 

higher absolute humidities. 

(fig. 15), and in Tab P e 15, which contains observed tem- 

but a direct convectlve interchange between t K e cool a v  

15, t f r  e ower temperatures were accompanied by the 

Ang.2 ....................................... 

Aug.3 ....................................... 

southerly current aloft, a t  the same time causes the sur- 
face northerly . current - _  down the vdey .  

. .. , <. #;L , or!/ 
* *HE HORIZONTAL EAINBOW.~ 

By S. FUJIWHARA. 
[Dated Central Meteorological Observatory, Tokyo, January 12, 1914.1 

The so-called horizontal rainbow has been reported by 
several scientists. Julius von Hann observed this mys- 
terious o tical phenomenon on Lake Constance, and 
W. R. 2 Church has seen it on Loch Loniond. F. 
Hashimoto observed such a rainbow (or horizontal spec- 
trum) on Lake Suwa in central Japan on the morning of 
November 3, 1912. On this morning the weather was 
ver clear. He and Count A. Tanaka were then en aged 

kan. Mr. Hashimoto saw the rainbow on the water 
surface of the northeastern part of the lake. They at 
first observed the bow with their eyes a t  a height of 9 feet 

in &.miological observation at the shore near Ka a uyfi- 

7:51 20.6 56 
8:Ol 20.4 
8:45 20.0 
9:lO 18.7 76 
821 18.7 84 

lODl 16.7 76 

l l S 8  18.9 Bo 
6:s 25.1 40 
7:40 82.1 66 
7:50 lg.4 66 
s:05 30.8 45 
8337 lg.4 6.8 
9:oQ 21.1 42 
9 3 3  23.9 34 

2 
11:oo it13 I m 
11-m 18.4 77 

9:43 d l . 8  47 

TABLE 15.-FludwtionS in wfm tcmpemture and huniidiiy at L o w  above the water level. 
Pine, Cal., Aug. 2 and 3,191pI. 

On bringin their eyes down to 
the height of 6 feet the length of the B ow diminished, but 

9.9 shi P ted to the right and vanished from them at 11 a. m., 

IO., 9.2 and features o f the bow on this occasion were as shown 

the colors became very distinct. By lowerin 
the bow became clearer, and at last, at a 

ity- little lower than 4 feet, it vanished. At 
than this they could no more see the bow, 

humid- 
Absolute 

"nc.2:3 hei lit the bow was seen. As the sun rose higher the bow 

9.6 while standing on the shore; soon they went up the 
it! stairs of an inn near by, and thence they could perceive 
i o 8  the bow, thou h indistinctly. The position of the lake 

!:! in figure 1. About 8 a. m. 011 December 8, 1913, Mr. 
20.) Hashimoto a ain observed a sinlilar phenomenon on the 
8.1 same lake. It this time he was in a boat making lim- 
!.j nolo cal observations. In his letter to me he states the 

the surface temperature of the water of the lake was 8" C. 
and that of the air was about 3" C. He also observed a 

Between 8 and 10:30 p- m. ita was necessary t o  brillg very thin haze or mist over the surface of the lake and 
the balloon down because of southerly or soutlieostmly the The 0 tical coll&tions on Decem- 
winds aloft. These winds gradually extended tow:wd ber 8, 1913, are presented in E gure 2, whae the plane of 
the surface and were warm and clry (Table 13). The the figure represente the surface of the lake water; OS' 
miXing of the upper southerly and the lpwer northerly is the hofizontal projection of the sun's ra &=sing 
currents Seem to aCCO?lnt for the VttriatlOnS in SUrfttCe through 0, the position of the observer, Mr. as mot0 

OV and OR are the limitin rays of the horizontal rain- 
'&e fact that the UP er southerly wild is warm and bow RV. The angle ROV B 89 been estimated at about 

tem erature and humidlty already referred to. 

Mohave Desert, W L h  is about 150 kilometers south of side of the bow is indicated JT O v  and the red side by OR. 
Lone Pine. 
over the desert in the daytme, whic 1 gives rise to the 

10.8 

g. s 

;:; resu F' ts of his observations. On the morning in question 

was very calm. 

% dry suggests the roba E- llity that it originates over the 3O, mld the horizontal an le VOS at 35". The violet 

The heating apd conse uent rising of air 
1 R d e d  a d  rcpdtltdfrorn Jour. met. BOC. J a w ,  Tokyo, March, 1914. 


